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.... is not as easy as it looks. Many years of experience are 
required before a ‘‘ technique ’’ can be evolved—and this same 
experience—40 years to be exact—is responsible for the per- 
fection of Form Grinding on Churchill Precision Machines, using 


The “PULCRUSH” 7 a 


method—the greatest advance yet made in wheel forming. 
The forms illustrated are a few of the countless contours that can 
be transferred to the grinding wheel of all machines on which 
the periphery of the wheel is used. 


Our Technica) Department is able to give advice on all wheel 
forming queries. 
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The field for Tungsten Carbide uses is ever- 
New grades are regularly’ being 
developed in our laboratory for special applica- 
tions—from the cptting of wood to the machin- 
ing of the hardest known metals. 


An increasing use of Carbides for hesivily 
stressed and quick wearing machine parts is 


A Carbide specialist is always available for 
conesteres on the spot on all matters apper- 
tooling and uses of hard metals. 
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MODERN GAS DYNAMICS 


By B. V. Korvin-Kroukovsky, Research Professor in Flui ynamics, Stevens Institute of Technology. rom 
y K K R h Prof Fluid D S I f Technol (F 
The Engineers’ Digest (American Edition), Vol. 3, No. 12, December, 1946, p. 599.) 


ONE of the most conspicuous results of the last war is the 


The air 
ansport system was tremendously expanded to serve 
military needs, bomber aeroplanes disrupted industry in 
the heart of enemy territory, and fighter aeroplanes 
reached speeds comparable to the velocity of sound. 
Rocket weapons made their first large scale appearance 
and permitted unprecedented concentration of destruc- 
tive power. Exploratory rockets reached the height of 
some 50 miles in surveying the atmosphere. Engineers 
had to manipulate the air far beyond the limits of their 
previous knowledge and experience, so that gas dynamics 
is the topic of the day. 

Gas dynamics, which may be defined as the art of 
manipulating air, can be d‘vided in two broad classi- 
fications—power plant engineering and aerodynamics. 
In the aircraft power plant, gas dynamics is concerned 
with the internal flow of air and combustion gases 
through the engine, and the conversion of heat into 
kinetic energy and propulsion. There are three major 
sub-divisions of the modern power plant: the rocket, the 
jet and the turbo-propeller. In the rocket the fuel and 
oxygen are carried by the machine and are burned 
rapidly giving a large quantity of hot gases under pres- 
sure, which escape through the muzzle and acquire very 
high velocity and momentum, the reaction of which gives 
the propulsive thrust. The German V-2 bomb probably 
represents the most spectacular application of this 
principle. 

The ram jet, the pulse jet and the turbo-jet, all three 
work on the same basic cycle of taking in a large quantity 
of air in their forward flight, compressing it, burning the 
fuel, and expanding the gases of combustion in the form 
ofa rearward jet of high velocity, whose reaction provides 
the propulsive thrust. They differ primarily in the 
method of obtaining the compression. In the ram jet, 
compression is due solely to the ram effect of high 
velocity air slowing down in entering the combustion 
chamber and very high speed is needed for efficient 
operation, so that the device is attractive for high speed 
weapons. In the pulse jet the compression is also 
obtained by the ram effect, but the return of air to the 
atmosphere is blocked by the inlet valve, so that ignition 
of the fuel produces a large increase in pressure, making 
the machine more :fficient at low speed. This cycle is 
intermittent, and resembles that of a two stroke cycle 
gas engine with ram effect taking the place of the piston, 
and the suction due to inertia of gases in the tail pipe 
taking the place of the scavenging pump. The pulse jet 
became widely known through German development and 
use of it in the V-1 bomb. In the turbo-jet the com- 
pression is obtained by the centrifugal or axial flow 
compressor driven by the turbine wheel for which part 
of the gas energy is used. Its efficiency and output, 
therefore, are less dependent on the speed than in case of 
fam or pulse jets, and it is suitable for use in high speed 

ighters. 

In the turbo-propeller the kinetic energy of the gases 
no longer gives thrust directly, but is used to drive the 
turbine wheel, which drives the propeller through suit- 
able gearing. This system is the most eff cient method of 
obtaining propulsive thrust at the speeds of large modern 
aircraft. 

The convergent-divergent nozzle of the rocket has but 
one action, it permits the gas to expand, converting its 
Pressure energy to kinetic energy of high speed flow. 
Up to now the aim was to obtain the maximum power 
output for a short period of time, and the efficiency was 
of Secondary importance. To increase the operating 
Tange will require more study of the gas action at back 
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pressures varying with altitude, and may bring about 
the use of thrust augmentors, by which some of the 
ambient air is accelerated and thrust increased for the 
same fuel energy. 

The operating cycle of the ram jet consists of one 
compression and one expansion. Fundamental diffi- 
culties appear as the speed increases which can be 
understood by comparison with the action of a piston. 
With slow moving piston the pressures on compression 

and expansion strokes are practically equal. Were the 

piston speed increased sufficiently we would find that 
pressure on compression stroke increased and on 
expansion stroke decreased, because the molecules, so to 
speak, cannot catch up with the piston. The compres- 
sion is no longer reversible, but is attended by energy 
loss. A similar energy loss occurs when compression 
and expansion occur due to changes in velocity of high 
speed air stream. The other difficulty occurs at super- 
sonic speed, at which the use of the ram jet is particularly 
desirable. At present it appears impossible to slow the 
air down from supersonic to subsonic velocity, and to 
convert its kinetic energy gradually into pressure energy. 
Instead, the action takes place in steps or jerks called 
pressure shocks. As soon as the air at supersonic 
velocity slows down, its velocity drops sharply to 
subsonic, and the pressure rises equally sharply over an 
infinitesimal distance. Success of the ram jet depends 
on the efficiency with which the kinetic energy of the 
incoming air is converted into pressure energy, and 
overcoming the above difficulties is the real challenge. 

Aerodynamics is concerned with the flow of air over 
the aerial vehicle, the generation of the lift with minimum 
power expenditure, and the reduction of the resistance 
to forward motion. The first of these two problems was 
approached by classical hydrodynamics and valuable data 
were obtained. When speeds increased, the compres- 
sibility was taken into account by introducing into the 
classical hydrodynamics relations of the variation of 
density with pressure, taken from thermodynamics. 
Approximate solutions were obtained, and indicated that 
a body in compressible fluid behaves in the same way as 
a body of enlarged lateral dimensions would behave in 
a non-compressible fluid. Corrections were furnished 
as a function of the ratio of the speed to the velocity of 
sound, i.e. of the Mach number. 

The reduction of the drag can be divided in two 
sections, friction drag and dynamic drag. Of these the 
friction drag, and the turbulence on which it depends, 
has received attention from mathematical physicists, but 
the problem of dynamic drag was treated only experi- 
mentally. This is essentially the problem of conservation 
ofenergy. The forward part of a streamlined body does 
work on the air as it penetrates into it, and the air does 
work on the body as it closes in behind it. Ifthe process 
is fully reversible, there is no energy loss and no drag is 
created. This conception of classical hydrodynamics is 
nearly fulfilled for well-streamlined bodies at moderate 
speeds. The use of this method up to about three 
quarters of the velocity of sound was successful because 
drag created by the failure to recover the energy did not 
modify the air flow suficiently to invalidate the com- 
puted pressure. 

As the speed is increased above three quarters of the 
velocity of sound to the transonic range, increase of the 
drag due to irreversability of the compression-expansion 
process would become more important. The air now 
approaches the body at subsonic velocity, but exceeds 
the velocity of sound at its largest transverse dimensions. 
There is no known way to reduce this velocity sub- 
sequently for the flow around rear part of the body, 
except through the formation of pressure shocks. The 
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severe energy losses occurring in this process modify the 
flow pattern and invalidate the classical hydrodynamic 
approach. Methods of analysis must take cognizance of 
losses due to friction, to irreversible compression- 
expansion and to pressure shocks. The introduction of 
pressure-density relation of thermodynamics permitted 
the extension of classical hydrodynamics to about three 
quarters of the velocity of sound. Possibly the adapta- 
tion of the methods of the kinetic theory of gases will 
permit further extension, with modification of the 
excellent basis of hydrodynamics through transonic 
range. 


When the velocity is supersonic over the entire body, 
the problem is simplified and the flow around the 
conventional slender streamline body occurs under the 
same conditions of continuous acceleration, and the 
continuous pressure drop throughout the length of the 
body. The deceleration and the pressure shock occur 
at the extreme end of the body, where they are no longer 
important. “The drag is high, because the low pressure 
over the afterbody contributes to the drag, as compared 
to the pressure relieving the drag in case of subsonic flow, 
The flow, however, is everywhere streamline, and the 
drag coefficient is lower than in the case of transonic flow, 


SHEAR STRENGTH OF PRESSURE-GROUTED SURFACES 
By K. G. GiInsBurG. (From Gidrotehnicheskoe Stroitelstvo, No. 4, 1946, pp. 19 and 20, 1 illustration.) 


CEMENT injections in hydraulic work are normally 
resorted to in order to reduce seepage. In the case of 
the Dnieper Dam repairs, however, it was also a matter 
of restoring the strength and unity of the concrete 
masses. 

The liquid penetrating under pressure into the cracks 
and pores of the concrete gradually fills it with solid 
cement and the success of the process depends on the 
thoroughness of the filling. Important factors affecting 
it are the type of cement, water ratio, distance between 
cracks, depths of penetration, injection pressure and 
conditions of setting. 

In the present series of tests the water/cement 
ratios used were 0-8, 1:2 and 3, time of tests 28 days, 
3 months and 6 months and conditions of setting “ air ”’, 
“* moist air ’’ (wet sawdust), and ‘‘ water ”’. 

Tests were made on blocks 1-6 in. square by 6:3 in. 
long made some years ago of normal mixture. The 
surfaces to be tested were roughened with chisel-marks. 
To secure a definite thickness of joint the two surfaces 
were kept apart by sheet iron strips -04 in. thick laid 
along the edges and smeared with jointing mixture for 
tightness. 

Each test specimen comprised three of these blocks 
one upon another, thoroughly soaked before use. 
Cement was introduced into the joints from one end 
through a rubber tube connected to a burette of 14 cub. 
in. capacity inclined at 30-40 degrees. The pressure 
used did not exceed a head of 8 to 10 in. The grouting 
was carried out gradually, with short intervals of 3 to 5 
minutes until no further cement could be introduced 
and nothing further escaped at the far end. This took 
1-14 hours. To ensure against settling of the grouting 
mixture, it was continually stirred. 

The specimens were kept moist for seven days and 
protected from accidental disturbances by being 
weighed down with a 40-lb. block of concrete. After 
that they were transferred to the final setting media 
where they were kept until immediately before the 
shear test, which was carried out in a 5-ton hydraulic 
testing machine. 

The cement used in the grouting was itself given a 
standard test after 7 days and 28 days when its com- 
pressive strength was found to be 820 and 1760 lbs./sq. 
in, respectively. 

Fig. 1 shows results of the 28 day test, from which 
the following conclusions may be drawn :— 

1. If strength is calculated on gross area of joint 
the variation of water/cement ratio from 0-8 to 1 gives 
a big change in strength, 1 to 2 a good deal less, and 2 to 
3 almost nil. 

2. On the basis of area effectively joined, there is 
only a slight loss of strength when water/cement ratio 
changes from 0-8 to 1 and none beyond that, 
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Shear Stress 
Ibs./sq_in. 


Shear Stress 
kg/cm? 


o8 10 20 
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Fig. 1. Shear strength of pressure-grouted joint after 28 
days. 
calculated on gross area. 
calculated on effective area. 


3. Since strength, calculated on effective area is 
almost constant for all water/cement ratios it may be 
concluded that the cement, once it ceases to be liquid, 
finds its own moisture content and gets rid of excess 
water. 

4. Conditions during the final stages of setting 
make a very big difference, dry conditions being very 
bad, moist intermediate, and under-water best of all. 
It appears that, with air setting, the water contained in 
the cement is insufficient for completing the process and 
probably a shrinkage effect contributes to the weakness. 

5. Itis rather striking that with this single grouting 
operation the average effective area is not more than 
50 per cent of the gross area. 

6. Taking a safety factor of 3 and assuming that 
for the Dnieper Dam repairs “‘ moist air”? conditions 
will obtain, it would appear that permissible shear 
stress to be assumed in the joint is somewhere between 
24 Ib./sq. in. and one half of that figure. 
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INFLUENCE OF WATER INERTIA ON THE 
STABILITY OF OPERATION OF A HYDRO-ELECTRIC SYSTEM 


By P. ALMERAS. (From La Houille Blanche, Nos. 1, 2, 3, November, 1945/January, 1946, March, 1946, May, 1946, 
pp. 81-90, 131-139, 189-198, 14 illustrations.) . 


(Concluded from Fanuary issue.) 


I. GOVERNOR WITH ELASTIC RESTORATION. 


In schematic Fig. 9, point C is always drawn towards 
a fixed position by a spring of stiffness C (lb./in.). 
S§ and s be the cross-sections of dash-pot piston and 
piston gap or hole. For small piston displacements, the 
oil flow through the hole is laminar and the pressure 
drop across the hole proportional to the oil speed, with 
proportionality factor C’. h» be the normal working 
position of point C, h the actual position at time z, then 
(h— hy) C = C4hc the return force of the spring, 
CC’ Ahe 


C 
the oil pressure in the dash-pot, the oil 


CC’Ahe X s 


speed in the piston hole, and the piston 


2 


2 


(sec.) is 
the relaxation time of the dash-pot, i.e. the time in which 
the dash-pot piston would return to its original position 
if it could keep constant its initial return speed. 

dh dt h =F. 

—=-—-—— or — =e 

h ze Be 
The greater this relaxation time, the stiffer the dash-pot, 
the more rigid the restoring mechanism. 
Characteristic equation : 


hs Aw A 
—K’ Ae = KK (= jae Al, bmn 
L+h hae: Me 


Ae 
-—K,( az) ee es ey 


Wo 


Linearisation : 


de 


ix—1 = £,y—yy = €, AZ = n, so that— = — Ky (€ + 9). 
d 


t 
Turbine motion and water inertia equations are still valid 
and a fourth equation is found from the fact that the 


Tachometric Governor 
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Fig. 9. 
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speed of point C is equal to the sum of the speeds of 
point F (Fig. 9) and of the dash-pot piston :— 


dhe 


dt 





dt dt ij 
Calculating as before : 
YoOr ( V0 9Koe V9 
4 1 etic! <1 ae 


2 24. 


7? | x. wt , ~| 
L T 


YO ' 
rKy (1 ponies 7 


r t- rr 


a 


of the general form : ayr' 
Stability conditions : 
@ >0, a, > 0, ag > 0, ag > 0, a; > 0,7 
and a; (a,a. — aya3) — a,"a, > 0. 
If the last condition is fulfilled, the others are auto- 
matically fulfilled. The last one can be divided into 
two parts : 





a, > . (7) 


where — ,a, 3 a3 = W9AKyo 
409 M9 
(without dimensions). 

Equating the unequal quantities of conditions (7) 
and (8), we obtain the minimum stability curves of Fig. 
10, ice. the curves from equated condition (7), the right 
hand side (dotted) vertical asymptotes from equated 
condition (8). The zone of stability is above and at the 
right hand side of the minimum curve for the appertain- 
ing conditions (i.e. a,). Other parts of the curves need 
not be considered, The minimum a, decreases from 
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3 + as 


3a, + +/9a,* + 2a, 








infinity for a, = »(T, small) to 


2+ 4; 
for a, = , this latter being the characteristic for rigid 
restoration (see para. V). 

Condition (7) is more severe for full load than for 
partial or no load. For y, = 1, 


4a, 








T, 
2——2 
TO 3 + OKyo @ 
—> (9) 
io) qs 2 
2+ OKyo + — 2——3— 
i ie é KoT,o 


If water hammer is neglected (9 = 0), criterion (9) 
is simplified too > 0. Fig. 10 further shows that the 
criterion is more severe for small K, (or a3) than for 
large Ky. Quick governing response is favourable. For 
large, T, (i.e. a,), the curves rapidly approach their 
horizontal asymptotes (rigid restoration). 


Equation (6) has four roots : 11, 72573 + iry. Ifp is 
one of the variable parameters (it may be &, «, ¢ or ), the 
motion is characterized by 


p = Ae +. BeT +. Cer! x cos (ryt + ¢) 


where A, B, Cand gare determined by initial conditions. 
The motion comprises aperiodic and one oscillatory 
term. Fora given plant (7 and @ constant), the stability 
margin (conditions 7 and 8) increases with increasing 
o, Ky and JT,. Increase of o and Ky leads to quicker 
damping of all the terms of the solution, whilst increase 
of 7, (weaker spring or stiffer dash-pot) leads to decrease 
of a, in particular, and to slower damping of one 
aperiodic term of the solution, i.e. the governor will 
require a longer time for regaining equilibrium. A 
great increase of 7, moreover, has little stabilizing effect 
as the minimum boundary curve (Fig. 10), representing 
undamped oscillations, is already nearly horizontal. 

For avery quick governor, a, = Ky = ©, the condi- 
tion is 


TO 1 — 0/T, 
_—_ > od 
(C) 3 
1—- 0/T, 
2 


T, must therefore be chosen : 


(a) as small as possible 
(b) sufficiently large to guarantee the necessarv res- 
toring (stabilizing) effect. 


T, can be the smaller, the quicker the governor re- 
sponse Ky. 




















VII. ACCELERO-TACHOMETRIC GOVERNOR. 
System equations :— 
de dé 2) 
ag —— Ky 3 i RK, ‘gy 
dt dt 
dé 3 
T e+ =—¥F > (II 
dt _ 
de 1 da 
t=— —+=f— 
dt 2 at J 
Similarly to system I (para. V), they lead to 
7 — Ki 39 K, — Koy09 Ky 
+ 7% ir =O 
MOr Wo9r WoOr 
(10) 
2 2 2 


Stability conditions (Hurwitz) are : 




























































































K, >.0 Taki 
™—K,y 9>0 
3 > (11) 
t | Ki —-Koy0® | — Ki¥09 | Ki — Ky 9 } > 0 | 
2 
Fig. 11 shows the minimum stability curves (for un- (§ Furt! 
damped oscillations) obtained if conditions (11) are 
equated, as well as the zone of stability between the (for ; 
shaded lines. From Fig. 11 one can see that 
2K 
(a) if . < 1 the system is unstable for f 
0 ‘ 
2K F 
Yo > whatever the values for 7. i 
(b) if > 1 the system is stable for values : 
° K, = K,9 
0 < yw < l provided 7+ > K,O (12) 
.—-£4 i 
2 
i 
ee ; : 
1 Stabilization by elastic restoration : 
t+ 
| ‘on 3+a, 2a,-2 
2+ayrg 2a-3(Irarm) 
| 
H i 
3 \ Fig. 
1  full-1 
: P crite 
| | |e 
| | %, 
- | \ N = | 
T ae 
| Ws i Pl if 
! > bees! q —_——_—— for K 
224 
| s 95-10 
! a ditior 
5 as aa | f | B corre 
| | 
| | | 
=. = all 
te 8 4 6 6€ 7 6 fe OW e S wages 
Fig. 10 
fe It 
v ; accel 
(13), 
to (1 
Oe and / 
1 plant 
Zone of impo 
Stability Testo} 
Testo 
7 woul 
cond: 
3 with 
5 f contr 
Y ta incre 
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Further, according to the second condition (11): 
2 
(ory = 1)7—K,O >OorK<-. 
& 
{ ! 
: | 
: | 
i + 
f | 
| 
| 
| 
| 
Bo \ 
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Fig. 12. 
) Fig. 12 portrays this relationship but only the thick 


; full-lined portion of the curves is valid for stability 


_ criteria. It has a maximum 
3K — 2 30 
merry —3 
for K = 1 — ——., and in order to fulfil stability con- 
S 


ditions as best possible, K, must be chosen so as to 
correspond to this maximum :— 


K, == K==(1 -~)- (13) 


| (12) and (13) finally give 


2 
Ky < 0°267 —— (14) 
62 

It is best therefore to choose first the optimum 
accelerometric response speed K, according to condition 
(13), then the tachometric response speed Ky according 
to (14). Either can be decreased if 7 is decreased 
and/or © increased. ‘The starting-up time 7 (hence the 
plant inertia) and the conduit time constant @ play as 
important a role as for the tachometric governor with 
restoring mechanism. 1/K, takes here the role of o, the 
restoration degree of the tachometric governor. One 
would like to reduce K, but is limited in doing so by the 
condition Ky > 0. In fact, an accelerometric controller 
without tachometric governor is useless, it does not 
control the frequency. Just as one cannot indefinitely 
increase the dash-pot rigidity of a tachometric governor 
(in order to better stabilize the plant), so one cannot 
indefinitely reduce the tachometric response speed of 
an accelero-tachometric controller. 


VIII. CONCLUSIONS. 
The stability of a plant can be inc.eased. 


(2) by increasing plant inertia and reducing 9, with 
both types of governors. 
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Taking K, = - = K , condition (12) can be re-written 
2 


(b) in the case of an elastically restored speed governor, 
by increasing the degree of restoration o and the 
response speed Ky. One cannot increase the dash- 
pot relaxation time T,. beyond a certain value which 
is the greater the quicker the governor. By doing 
so, one would diminish the oscillations but lengthen 
the time needed for return to the working frequency, 
this fault being common to all governors with rigid 
restoration. 

(c) in the case of an accelerometric system, by choosing 
the optimum accelerometric dosage, then diminish- 
ing the tachometric response speed Ky. One 
cannot indefinitely diminish this response speed as 
again the working frequency weuld then return 
more slowly until finally, for Ky) = 0, the pure 
accelerometric controller would not regulate fre- 
quency at all. 


In both cases therefore, a gain in stability is offset by 
a coarser frequency regulation. In this connection, the 
accelero-tachometric governor has no advantage over the 
tachometric governor with elastic restoration. How- 
ever, it is true that the accelero-tachometric governor 
acts on a definite acceleration at the start of the distur- 
bance. But if the disturbance is big enough, the 
maximum gate operation speed is already limited by 
factors outside the governor choice. For small distur- 
bances again, the response speeds K, and K, of the 
accelero-tachometer are limited by stability considera- 
tions, whilst for the tachometer with restoring mechanism 
a great response speed K, brings greater stability and is 
only limited by design considerations. The finite 
starting gate speed produced by accelerometric governing 
may be advantageous in some cases but is disadvan- 
tageous for most medium and low head plants (where 
Allievi’s parameter p > 0°5) because the excess pressure 
(due to water inertia) created by this finite gate speed 
tends to increase output where it should be reduced thus 
still enlarging the frequency deviations at the start of 
disturbances. The tachometric governor with restora- 
tion starts regulation at zero speed. 

The difficulties encountered in the regulation of 
hydraulic turbines do not spring from the conception of 
the governors themselves, of whatever type they may be, 
but lie in the nature of the plant, the inertia of water. 


B. CASE OF SEVERAL SYSTEMS COUPLED 
IN PARALLEL. 


In this case, we do not consider the stability of load 
distribution among the various groups but the stability 
and oscillations when changing from one set of working 
conditions toanother. Rigid stabilization of the separate 
groups takes care of the first case but has only a negligible 
influence on the damping of oscillations in the second 
case, and can be considered zero for the following 
considerations. Even so, this problem is complex and we 
shall be obliged to make simplifying assumptions of a 
serious nature, and to discuss afterwards in which sense 
the results will have to be modified in order to account 
for conditions met with in reality. 


I. ASSUMPTIONS. 


(a) The characteristics of interconnecting lines and 
electric plant to be such that the link between power 
station and user can be considered to be rigid. 
This assumption was justified in the case of a 
separate network because of its normally small 
extension but is taken here only as a step towards 
the solution of a more general case. 

(b) For each separate group, the assumptions made in 
the case of separate networks are valid (esp. output 
and load independent of speed, water hammer only 
an inertia phenomenon). 

(c) Only the problems of rigid restoration and accelero- 
tachometric governing are considered. The elas- 
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tically restored governor is, in its effect on net stabi- 
lity, assumed to be replaced by a rigidly restored 
governor with reduced stabilization degree cert. 


oett depends on o, 7,, and K, of the elastically 
restored governor and is a measure of the fine- 
ness of frequency regulation because, to an output 
variation ¢), corresponds a relative frequency 
variation &) proportional to cert € 9. 
With these assumptions the various parameters are : 
n gate openings of # coupled groups. 
n_ relative excess piessures due to water hammer. 
n rotation speeds of the groups which, however, are 
proportional to each other (assumption of rigid coupling). 
The system will generally have 2n + 1 degrees of 
freedom. 


II. NOTATION. 
The groups are numbered from 1 to n. 
applies to the ump No. 1. 
oi working speed 
speed at time t 


Suffix 7 


& 























I, moment of inertia 
Pei normal working output 
P; output at time ¢ under normal head 
: a output at full turbine opening under 
normal head 
P, = £P., total output of network 
os tachometric response speed 
Ki; - accelerometric response speed 
0; degree of stabilization 
Ci excess pressure at time 7 
Yoi normal working position (opening) of 
turbine 
yi gate opening at time ¢ 
6, time constant of conduit at full turbine 
opening 
85: time constant for opening yp. 
Ay; = V0 
Tj starting-up time of plant 7. 
T = mean starting-up time of all plants, 
n 
2) Pus 7: 
= 
Pr, 
€: = Vio. deviation from normal opening, at 
time t 
W; — Wy 
i= = relative speed difference from normal 
Wo; speed, at time ¢ (identical for all 
groups because of assumed rigidity 
of linkage). 
III. FUNDAMENTAL EqQuaTIONS. 
For each group : 
de, 
= — Ko, (€ + o;¢;) (1) 
dt 
is the response equation for a tachometric governor and 
de; dé 
oe Ky; é — K;,; ar (1’) 
dt dt 
for an accelero-tachometric governor. Water hammer 
equation : 
de; 1 dé; 
e — 6, ( 1 = Yo ) ; (2) 
dt 2 dt 
Equation for combined turbine energy : 
das, 
a1; eet 2 Pariving — = Presisting 
dt 
which after linearisation becomes 
dé 2 P ys 3 z'P, Meike 
t= €; - ———_—_— 3 
dt e 2 Ps i 


p 
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as compared with 
dé i 3 
Tj = €& + — oi b: (3i) 
dt 2 





for a separate net. 

The system for parallel coupled groups therefore 
comprises 27--1 equations, viz. m equations (1) or (1’), 
n equations (2) and one equation (3), while the separate 
independent net has 3 equations, (1) or (1’), (2) and (3i), 

The characteristic equation for the system of a single 
group can be written 

Ko: ( | Oyir) 


®; (r) =r ts = 0 (4 


(mn) (0%) 


for governor a restoring mechanism, and 


1— Or 
+ (Koi + Kur) = 0 (4) 








oD’; (r ) = rr 
+ Opgir 
2 
for governor with accelerometric stabilization. 
Similarly, the system of n parallel coupled groups has 
the characteristic equations (after all transformations) 
1 e Py; Koi (1 — 90; 7) 
| — 2 = Q 


PP» ¥ Ooir 
(: + Koi «) (: au: ) 65) 
2 


for governor with restoring mechanism, and 
1 1 — Oy,r 

Dp’ (n= tr? - = a | aae (Koi Fe K,.r) ————-= 0 (5 
"a 


“ Ou;r 


@(r) =r 











for accelerometric controller. 


IV. STABILITY CONDITIONS. 

Equations (5) and (5’) appear with (2n-+ 1)th power 
of r. The Hurwitz conditions can hardly be applied. 
We therefore calculate several special cases, to which 
these conditions can be applied, and thus get a clue for 
an answer to the general problem. For simplicity, we 
consider the case where all the governors are equipped 
with restoring mechanisms. The case where all gover- 
nors have accelerometric stabilization is simpler and 
leads to the same general conclusions. Also K, is 
assumed to be infinite since we have seen before that it is 
advantageous to have it as big as possible. Therefore, 

r+ Ky 9; 
in equation (5), —— 





is replaced by o;. 
of 
Case 1. All 0); are equal to one constant 9,, i.e. all 
groups are equally affected by water inertia. Equation 
(5) becomes 
1— Or 1 P 


! ee e 


wT 1 => 0 
Oor J cgi CG; 








! 
i 


2 
whereas equation (4) would result in 
— Oor 
7r°+_ = 0. 
Or oa; 
1+ 





2 
A comparison shows that the coupled group system 
behaves like a single group with a starting-up time equal 
to the mean (weighted according: to the output of the 
several groups) of the starting-up times of all the coupled 
groups, 


1 
a z Poi Tis 


Pp 
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and with a degree of stabilization equal to the harmonic 
mean, also weighted according to output, of the stabi- 
lization degrees of all the coupled groups, 

= 2s 


aii 1 
o P, 0G; 


i 


Stability condition for one group : 





pe 
yi TL > O% p) 
oj 
and for the coupled system (by summation of the single 
group conditions) 


79%; > O, or EF, 





1 
to > ©, or tr > O®-. 

Co 
So, if each group separately runs at the limit of its 
stability, the whole coupled system also runs at its 
stability limit. Interconnection does not create greater 
stability, it only redistributes the inertias and stability 
degrees of the single groups. 

In all that follows, the “ mean ” taken will always be 
a weighted mean according to the maximum output of 
the single groups. 

With accelero-tachometric regulation, the coupled 
system has a mean starting-up time, 7, and “ mean’ 
tachometric and accelerometric response speeds, and this 
leads to the same conclusions as above. 


Case 2. @ ; may have any value, but only one 
group is regulated, the others being limited in opening 
only and having an infinite degree of stabilization 
(o; = oo for rigidly restored governor, and Ky; = Ky; = 
0 for accelero-tachometric regulation). This does not 
necessarily mean that the gate opening of these groups 
is constant, but only that it is independent of the net 
frequency (speed). The opening limit may be regulated 
by the water level or the output program. 
Equation (5) then is 





Py, 1 1— Oqr 
ESE = 
Py, Oo." 
ee 
a) 








6, +9, 0, 9, j 
Pr —_ 2 [p= («—- 
Pe 2 


Equation (4) for regulated group No. 1 is 








1 1— Or 
r+ — = 
1 Our 
; es 
2 
The stability condition for the coupled network : 
P 1 
3: =—=— Oo. 
Pp 
For group 1 : 
7,0, > 5). 


A comparison shows that by putting a certain part, 
1— P,,/P,, of the power on opening limitation, we 
increase the mean starting-up time by a factor 
P.,/P,, > 1 and stabilize the group net. One can say 
that this fictitiously multiplies the stabilization degree of 
the regulated groups by P,,/P,, > 1. It is, in fact, the 
same result as in case 1, with infinite a; fer all groups but 
one, only our new deduction of this result shows it to be 
independent of any assumptions about the conduit time 
constants, 9,,. 
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Case 3. @,,; may have any values. 
Equation (5) then transforms into 
1 P pi 1 — Ooir 


1 ee Et me eee eG 
P Go, 1 Oy ir 


p 
' 
+ 





2 


If we limit ourselves to two groups of output P, and P, 











(P = P, + P,), we obtain 
P, 1—Or P, 1— Our 
Prr+— + 
o} Or 02 O.r 
+ + 
2 


of the form r® + ar? + br 4 














2 2 Co; eo, 
where a = 
0,0. 
Pr; ——— 
4 
P, @\ Pf 
pr——(8,——) we 0.—— ) 
O71 Oo; 2 
b= 
0,9, 
Pr - 
4 
rE 
— -{- — 
Gc, Oy 
0,0. 
Pie eee 
4 
Hurwitz conditions: a>0, c>0, ab—c>QO. 


c is always positive and the two other conditions can be 
written 


6,+ 9 6,9, /P, P. 
Pr —_ —(- t =) > 0 and 
2 


G2 
0, (- 
ei (a 2)) am =. =)= 
2 


If the two groups, working separately, are at the 
limit of their stability, we can write 
70, = 9, , 70, = 9, 
and the first condition is 
P,7,*0, + P,7,20, > 0 
which always is the case. The second condition can be 


written 
0; 2 
-)(G-2)>* 
0, 


For 0, = 9,, or 0,0, = 9.05, this is still at the stability 

limit, after coupling of the two groups. For 
1 Og 

1 < — < —, the two groups become unstable 
2 oy 





0,9, 





0, G2 
after coupling (condition not satisfied), for 1 << — > — 

J2 oO; 
they become stable (condition satisfied). 

However, these influences should not be overrated 
for with normal values of the different parameters, the 
gain or loss of Pd? can handily be more than 5 to 10 per 
cent (Pd? = 4gI, and + = Pd?n®/11200 N, where 7 in 
sec., Pd? in lbs. ft.2, 2 in min.!, Nin HP). Fora great 
number of coupled groups, these influences would 
probably cancel out. 
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V. CONCLUSIONS. 


When several groups are coupled in one net the whole 
network behaves like a single group, with characteristics 
that are the mean of the characteristics of the component 
groups. If further the small influences of case 3 are 
neglected, it can be concluded : 

(a) If several groups are separately stable (or unstable), 
the combined whole will be stable (or unstable). 

(b) The whole net may remain stable, even if some 
component groups are unstable, if the remaining 
groups have a sufficient stability margin. The 
stability margin of the whole, however, decreases if 
unstable groups are coupled onto it, and this stability 
margin will decrease the more, the more powerful 
the unstable component groups. Interconnection 
does not create stability. 

The French electricity network owes its great 
stability to the fact that a great part of French hydro- 
electric power (plants on running water and plants with 
old, used governors) is put on opening limit regulation 
(infinite stability degree) so that, as in case 2, the total 
network is all the more stable. Only those power plants 
which cater for the daily electricity reserve are frequency 
regulated. One could also say that the limit regulated 
groups increase the machine inertia (or starting-up time) 
of the system. If all the groups were limit regulated the 
system would be perfectly stable but the frequency 
would no longer be regulated. 

Again, the antagonism between fine frequency 
regulation and stability margin appears here. The 
frequency change £ corresponding to a relative output 
change «, varies roughly with the average tachometric 
stabilization degree of the network. 

One must consider, however, that sudden load 
variations will be proportionally smaller the greater the 
net power. Big user groups which can switch on or off 
suddenly will form a smaller load percentage of a large, 
rather than of a smal] network. A large net therefore, can 
run with the same fine frequency regulation, yet on a 
higher average degree of tachometric stability, than a 
smaller net. 

This influence will become still clearer if we apply a 
simple probability argument. Consider any net, with 
systematic and random changes in output demand. The 
former are catered for by the output program, if this is 
skilfully made. Most of the time, however, the net will 
not just run on the program power, f), but on power 
levels, p;, very near to pp. There will be frequent 
changes in demand, calling for changes in output from 
p; to a new level, p, +- Ap, also near po, and small values 
of 4p will be more frequent than large ones. If the 
probability of these deviations of demand from instan- 
taneous output is plotted against 4p, the root, a, of the 
mean square deviation will provide a measure for the 
“ breadth ” of this curve and will give the order of 
magnitude of the most probable deviations. Since the 
frequency variation is more or less proportional to the 
relative power demand deviation, 4p/p,), by which it is 
caused, we may say that the fineness of frequency 
regulation is proportional to py/a 

Now consider 7 nets with identical characteristics as 
regards frequency regulation, program power output Pp, 
probability curve for deviation of demand from instan- 
taneous output. If these nets are coupled, the mean 
power output is P, = n py and the mean square deviation 
of the probability curve for the total net A? = na’, 
according to the addition theorem of errors. Hence the 
fineness of frequency regulation for the whole net is, for 
constant stabilization degree, roughly proportional to 
P,/A = Vv Nn po/a, i.e. to the square root of its power 
output. If two such identical nets are coupled and the 
total output is thus doubled, the stabilization degree may 
be kept constant and yet the fineness of regulation 
increased by \ 2. If. on the other hand, the governing 
limits are kept constant, the stabilization degree may be 
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increased by \/ 2 or, for accelerometric governing, the 
tachometric response speed Ky increased proportionally 
with the power output, i.e. preys Finally, the 
required “ governing power ” P,,/o is only proportional 
to the square root of the total power output, i.e. the 
smaller in percentage the bigger the total output. This 
explains why normally the frequency regulation of the 
French electric network is sufficiently fine although a 
large part of the power plants does not participate 
in the regulation at all. 

Note 1. It can be shown that to the mean starting time 
7 of the generating plant should be added the mean 
(equally weighted) starting time 7’ of the receiving piant 
whose influence has been neglected in our calculations, 


However many users’ plants are free of inertia and it 7 


seems that the true starting time of a net is not more than 
10 to 20 per cent higher than 7 as used in the stability 
equations. 
Note 2. There is a certain degree of autostabilization 
in the net due to power-frequency characteristics of 
turbines and consumer plant. This would allow us to 
relax the stability conditions but the improvement is not 
very considerable. 

Both effects can be said to add a safety factor to 
our calculations. 


VI. LIMITS OF VALIDITY OF ASSUMPTIONS. 

The compressibility of water is important only for 
very high head plant, and Gaden has established a 
theory which covers this effect and arrives at the same 
conclusions. 

An interconnecting line is theoretically rigid only if 
the phase angle between generator and user is constant. 
However, if working conditions change, the phase angle 
does not change instantaneously to the new conditions 
but oscillates at first. Ifthe oscillation periods are small 
as compared with governor speed oscillation periods (of 
several seconds), the interconnections can still be 
regarded as rigid, but if the two oscillation periods are of 
the same order, this assumption is incorrect. Phase 
angle oscillation periods are the smatler the more the 
phase angle differs from 7/2 (static stability limit), there- 
fore the lines are the more rigid, the further they are from 
their static limit, i.e. the less they are loaded. 

Hence, if an unstable generating group is coupled to 
a stable net with rigid internal connections, there will be 
some risk of its falling out of step. Even if this does not 
happen, the group will unfavourably influence the general 
frequency regulation of the net. A large net can be 
considered to be composed of rigid part nets flexibly 
interconnected. It is logic then that each part net should 
be power-stable and satisfactorily frequency regulated 
since it could rely only to an unknown degree on the 
stability margin of neighbouring nets. This problem 
still asks for the collaboration of hydraulic and electrical 
engineers. 


C. GENERAL CONCLUSIONS. 


The first two parts of this paper show the stability 
conditions for hydro-electric groups with different forms 
of governors and feeding separate nets, the last part 
discusses the influence of the stability, or instability, of 
component groups on the working of a coupled net. It 
would be useful to have statistic information about the 
characteristics of regulated groups and of groups running 
on opening limitation. Especially, knowledge of the 
power output of opening-limited groups compared with 
total power output would provide some information about 
the stability margin of the French hydro-electric net. 
Hydro-electric development in France tends to increase 
use of powerful low head plants with Kaplan turbines 
with a value of 0 of 3 or more (present normal value : 
1 to 15). The starting time 7 of these groups is still 5 
to 10 sec. and does not increase with power output 
(because of alternator design and impractibility of fitting 
a flywheel on a vertical shaft). 
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As the inertia effect of water hammer which decreases 
the usefulness of hydroelectric groups for frequency 
regulation depends only on the plant time constant 9, 
and as 9 enters the stability conditions, the stability of 
such low head plants must be increased far beyond the 
customary values in order to safeguard stability of a 
separately fed electric system. If © is doubled, the 
restoration degree o of tachometric governors must be 
doubled or the tachometric response speed of Ky of 
accelero-tachometric governors made four times smaller 
if the stability margin is to be maintained. This leads to 
roughly twice the amount of frequency variation. It is 
in the nature of things and does not depend on the form 
of governors employed. We cannot hope to achieve an 
efficient frequency regulation with a group feeding a 
separate net under unfavourable hydraulic conditions. 


However, the groups are normally coupled to the 
general network. 


(a) Ifa statistical investigation confirms that the general 
stability margin is sufficient, and provided the 
interconnecting lines are rigid, one may reduce, or 
even suppress, the restoration of the new group after 
coupling. This improves its contribution to the 
general frequency regulation but reduces the 
general stability margin. 


(b) Ifthe general stability margin is insufficient but the 
frequency reguijation considered to be safeguarded 
by other groups, one may couple the new group to 
the net and maintain the group’s full degree of 
restoration, thereby contributing to the stability of 
the whole. This leads to an increase of the mean 
degree of restoration of the general net and may be 
permissible, to a certain extent, without endangering 
the efficiency of the general frequency regulation. 


If the power plant lies in the stream-line of a river, 
the question does notarise. One will simply put it under 
opening limit depending on the upstream water level. 
However, in spite of the beneficial influence of. the 
increase of total net power, one cannot go on indefinitely 
building new river plants and low head groups without 
also providing some new plant which will contribute 
usefully to the general frequency regulation. 

In particular, it is not advisable to admit a plant with 
a time constant 9 higher than necessary (especially when 
the general net is still being developed). One should not 
reduce penstock diameters for merely economic reasons 
nor do without a surge tank even when conditions of 
excess pressure or water speed would warrant such a 
course. With a surge tank, the value of @ corresponds 
to the conduit below the surge tank only, its suppression 
adds all the LV’s of the upstream portion of the conduit 
to the calculation of 8. The provision of a relief valve 
in order to reduce the excess pressure on sudden gate 
closing does not invalidate the argument in favour of a 
small 0. The relief cannot open during small governing 
operations. If it did, water would be lost and the effi- 
ciency of the plant reduced. For stability of governing, 
a relief valve is inferior to a surge tank. : 

Water inertia reduces the usefulness of hydroelectric 
plant for frequency regulation of an electric net, whatever 
governing system is employed. Not the maximum 
excess pressure, when closing guide vanes at maximum 
speed, characterizes the influence of water ag ay 





stability, but only the time constant 90 = - 

& 
This knowledge will essentially contribute to the study 
of the influence of governor functioning on electric 
network stability. 


SWEDEN 


THE AGEING OF STEEL 


By B. D. ENLUND. 


As applied to steel, the term “‘ ageing ” signifies the 
manifestation of certain changes on the properties of the 
material, especially of low carbon steel, these changes 
taking place after a certain time either at room tempera- 
ture or at elevated temperature. The intensity of the 
ageing phenomenon depends upon the composition and 
the prior treatment of the material in metallurgical, 
thermal, and mechanical respects. Ageing can manifest 
itself in a change of the magnetic, electrical, or mecha- 
nical and chemical properties of the material, but only 
ageing as it affects mechanical properties will be dealt 
with here. These changes come into play subsequent 
to a deformation of the material, and this type of ageing 
may therefore be called ‘‘ deformation ageing.” 

In a strained steel the yield point, the ultimate 
tensile strength, and the hardness increase at room 
temperature ; while the ductility, the reduction of area 
and the impact strength diminish. This process is a 
function of time, and can go on for a long time until it 
gradually ceases. By heating the cold worked steel to a 
few hundred degrees centigrade, the ageing process is 
accelerated to a point where maximum ageing is effected, 
usually at 250 deg. C. within a few minutes. In order 
to differentiate the respective phenomena, ageing at room 
temperature will be termed “‘ cold-ageing,”’ while ageing 
at elevated temperatures will be termed “‘ hot ageing.” 

_ In order to study more closely the mechanical ageing 
of steel, particularly of Swedish mild steel types, this 
Matter was included in the research program of the 
Jernkontoret in 1938, and it is the results of this work 
which are reviewed in the following. 


“ 
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(From fernkontorets Annaler, Vol. 130, No. 10, October, 1946, pp. 553-92, 16 illustrations.) 


In a study of the mechanical ageing of mild steel 
there are several properties of the material the changes 
of which can be made the subject of observation. By 
applying the tensile test to a material which has been 
previously strained by, for instance, 5 or 10 per cent, the 
increases in the yield point and the ultimate tensile 
strength, or the decreases in the ductility or contraction 
will yield valuable information on the ageing of the 
material. This will be exemplified by the graphs given 
in Fig. 1, in which ultimate tensile strength and yield 
point serve as a measure of both cold ageing and hot 
ageing of a basic Martin steel which had been cold 
worked to the extent of 10 per cent. As will be seen 
from this graph, cold ageing leads to an increase in 
yield point and ultimate tensile strength by approxi- 
mately 5 kg. per sq. mm. Hot ageing in a temperature 
range of 100 deg. C. to 300 deg. C. leads to approximately 
the same result, while for temperatures in excess of 400 
deg. C. a progressive decline in yield point and ultimate 
tensile strength is recorded. At 500 deg. C. the yield 
point has decreased a little below that recorded for the 
material after cold working, but the ultimate tensile 
strength still lies above that of the cold worked material. 

Fig. 2 shows the corresponding variations in elonga- 
tion and contraction, and it is seen that the former is 
greatly affected by ageing, while the reduction of area is 
but little affected. 

The ageing properties of a steel are changed by ad- 
ditions of Al or Al and N, as will be seen from Fig. 3. 
Here curve A refers to a material without aluminium 
addition, while curve B is based on a material with 0-1 
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ig. 1. Change in yield point and U.T.S. after 
straining and ageing. Basic Martin steel St. 37, 
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per cent aluminium addition, and curve C refers 
to a steel with 0-1 per cent aluminium addition 
and with a nitrogen addition corresponding with 
an increase in the nitrogen content from 0-003 per 
cent to 0-01 per cent. In the case of steel A the 
yield point is seen to have increased by 6:7 kg. per 
sq. mm. after hot ageing at 150 deg. C.; steel B is seen 
to show an increase in its yield point by 4 kg. per sq. 
mm. after hot ageing at 250 deg. C.; while the yield 
point of steel C has increased by 5-4 kg. per sq. mm. 
after hot ageing at 200 deg. C. and at 250 deg. C. The 
steel without any aluminium addition therefore ages most 
quickly and to the greatest extent. The respective grain 
sizes are as follows : 

Steel A: 512 »? corresponding to J.M.K. scale No. 9 
Steel B : 256,, corresponding to J.M.K. scale No. 8 
Steel C: 128,, corresponding to J.M.K. scale No. 7. 


To judge from the results obtained with steel B and 
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C no direct connection between grain size and ageing 
appears to exist in this respect. However, the increased 
nitrogen content of steel C appears to have had a certain 
influence. 

By carrying out a tensile test at elevated temperature 
a good idea of the ageing tendency of the various steel 
types can be obtained, especially by observing the 
increase in ultimate tensile strength which takes place 
in the blue-brittleness range in the neighbourhood of 
250 deg. C. ‘This fact is well illustrated by the graph 
given in Fig. 4, in which the ultimate tensile strength 


wr 
56r A 
54} 
52r 


50F 


UTS, kg/mm? 
> a» > 
> an @ 


— 
LS) 
T 


os 
{2} 


38F 











1 A , ' 1 ' 
20 550 200 20 300 350 400 
Temperature of tensile test,°C 


Fig. 4. Basic Martin steel St. 37, 16 mm. rounds. 
Si Mn Pr Ss 

0-28 0:39 0-025 0-034 

Normalized at 900 deg. C. 


Cc N 
0:08 0-005 percent 


is charted as a function of the test temperature. This 
test was conducted on two heats of basic Martin steel, 
one with 0-05 per cent aluminium addition and the other 
without aluminium addition. At 20 deg. C. the ultimate 
tensile strength of both heats is seen to lie at approxi- 
mately 43 kg. per sq. mm.; but with increasing test 
temperatures up to 250 deg. C. the respective ultimate 
tensile strength values of the two steels are seen to have 
a divergent tendency. Thus the aluminium-free steel 
at 250 deg. C. possesses an ultimate tensile strength of 
not less than 55 kg. per sq. mm., which corresponds to 
an increase in ultimate tensile strength of 28 per cent ; 
while the steel containing aluminium at 250 deg. 

reaches an ultimate tensile strength of 49 kg. per sq. mm., 
which corresponds to a 14 per cent increase—that is, 
only one-half the increase recorded for the aluminium- 
free material. With test temperatures in excess of 250 
deg. C. the difference in the ultimate tensile strength of 
the two materials is seen to diminish progressively, 
so that at 400 deg. C. it is only some 1 kg. per sq. mm. 

From the practical point of view, changes in the 
ductility of the materials are of greater interest than the 
aforementioned . variations in yield point and ultimate 
tensile strength. Obviously, an ageing of the material 
which is not accompanied by a simultaneous occurrence 
of embrittlement cannot be considered harmful, as an 
increase in the tensile strength of the material does not 
in itself constitute a disadvantage. It is therefore 
important to investigate the material with regard to its 
embrittlement. This investigation is carried out by 
means of the impact test, according to Charpy. 

For this purpose the material is first strained by an 
amount of 5 per cent or 10 per cent with the use of a 
tensile testing machine, and the Charpy specimens are 
then prepared from the strained material. Some of 


FEBRUARY, 1947 Volume 8, No. 2 





these specimens are tested immediately, while the other 
specimens are hot-aged at 200 deg. C., 250 deg. C., and 
300 deg. C. for half an hour, and then impact-tested at 
room temperature. The results of a test of this kind, 
conducted with steel refined with aluminium as well as 
with aluminium-free killed basic Martin steel, are charted 
in Fig.5. Here it is seen that in the normalized original 
condition the material does not develop brittleness at 
room temperature. The aluminium-treated material 
does not show any tendency to embrittlement, while the 
aluminium-free steel shows some small deterioration. 
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Fig. 5. Basic Martin steel St. 37, 22 mm. rounds. 
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However, the lowest impact figures for the material 
prepared without aluminium do not lie below a value of 
10 kg. per sq.cm. As Fig. 5 also shows, the ageing has 
produced a rise in Brinell hardness by some 15 units in 
the case of both steels. 
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Fig. 6. Basic Martin steel St. 37, 22 mm. rounds. 
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Normalized at 900 deg. C. 


By subjecting the same material to a slow furnace 
cooling from 900 deg. C. with a cooling rate of approxi- 
mately 0-8 deg. C. per minute in the range between 900 
deg. C. and 600 deg. C., a most marked deterioration in 
the impact strength characteristics is produced, as shown 
in Fig. 6. In this instance, the steel produced without 
the addition of aluminium exhibits embrittlement after 
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Fig. 7. Basic Martin steel St. 37, without aluminium. 


10 per cent cold working and becomes exceedingly 
brittle in the hot ageing process. But the steel made 
with the addition of aluminium remains rather tough, 
and its impact strength decreases slightly, but not below 
an impact value of 8 kg. per sq. cm. The change in 
Brinell hardness is seen to be somewhat smaller than in 
the preceding case, particularly as far as the aluminium- 
killed material is concerned, the increase in hardness 
amounting to some 10 Brinell units. 

From the test results charted in Figs. 5 and 6, it can 
be concluded that the ageing properties are not bound 
up solely with the composition of the material—and this 
applies in particular to the aluminium content—but they 
are to a great degree dependent upon the heat treatment 
of the material, and with it upon its structural condition. 
A relatively slow cooling in the furnace is seen to be 
harmful, making the steel liable to age embrittlement after 
cold working. The initial structure of the aluminium- 
free steel after normalizing at 900 deg. C. and after 
furnace cooling respectively are shown in Fig. 7. Here 
the normalized material has a grain size of 9} J.K.M. 
scale and the furnace cooled material shows coarse- 
lamellar pearlite and also free cementite in certain grain 
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boundaries. The corresponding structures of the steel 
made with the addition of aluminium are shown in Fig. 8. § 
Here the grain structure is similar, but grain sizes are 
somewhat smaller, the normalized material having a 
grain size of 84 J.K.M. scale, and the furnace-cooled 
material of 94 J.K.M. scale. 

These findings led to the conclusion that a rapid 
cooling of the material will counteract age embrittlement. 
In order to investigate this matter in a more detailed 
manner, a number of ageing tests were conducted ona 
number of steels liable to ageing. These tests were made 
both with specimens in normalized state and with 
specimens quenched in water from 950 deg. C. and 
subsequently tempered at 600 deg. C. The results of 
a test of this kind conducted on a basic rimming Martin 
steel with 0-08 per cent carbon content and 0-005 per 
cent nitrogen content are shown in Fig. 9. The impact 
strength curves show that in the normalized condition 
and after 10 per cent cold working this material exhibits 
a loss in impact strength under the influence of hot age- 
ing, a minimum impact strength value of 2 kg. per sq. 
cm. being reached at 250 deg. C. However, a rapid 
recovery in impact strength takes place at higher 
temperatures, and at 500 deg. C. the material has 
recovered its full impact strength of approximately 14 
kg. per sq. cm. 

A different impact strength characteristic is exhibited 
by the tempered material. In this case embrittlement 
does not occur, the impact strength decreasing but 
slightly with hot ageing in the temperature range from 
200 deg. C. to 300 deg. C. 

From a comparison of the respective hardness 
characteristics, it is found that hardening and tempering 
increases the hardness by 20 Brinell units above the 
hardness in the normalized condition, corresponding to 
an increase in ultimate tensile strength of approximately 
7 kg. per sq. mm. It is also seen that by cold working 
the normalized material becomes harder than the 
hardened and tempered material, while the increase in 
hardness by ageing is considerably greater in the case 
of the hardened and tempered material. 

In conclusion, it is stated that any mild steel can be 
prevented from developing brittleness due to ageing by 
appropriate hardening-and-tempering treatment. This 
treatment should therefore provide a useful final pro- 
cedure in the manufacture of various forgings, chains, 
hooks, bolts, and similar products. 
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IMPROVEMENT OF CREEP RESISTANCE BY COLD WORK 
By H. ZSCHOKKE. (From Brown Boveri Mitteilungen, Vol. 33, No. 9, September, 1946, pp. 227-233, 6 illustrations.) 


Tur yield strength of an annealed steel is increased by 

cold work, i.e. plastic deformation begins at higher loads. 

This work-hardening effect is generally stable at room 

temperatures and only slightly affected by raised 

temperatures. However, when temperatures reach the 
recovery temperature of the material, the distorted 
crystal lattices begin to loosen up and to rearrange 
themselves elastically so as to reduce distortion. At 
still higher temperatures, re-crystallization begins and 
new crystallites are formed. These two stages of 
crystal rearrangement have been shown for steel’, and 
it has been proved that, in the recovery range, the 
remaining proportion of work-hardening effect is 
proportional to the amount of cold work done. Only 
when re-crystallization commences, does softening 
become complete, the material finally being the softer 
the more it had been cold worked. Several authors 
have discussed the influence of cold work on creep 
strength at high temperatures but results remained 
inconclusive. Some writers? ‘’* found increased creep 
at re-crystallization temperatures of .cold-warked—as 
compared with annealed—materials, others ® ‘° © found 
improved creep resistance of cold worked materials at 

temperatures of 650 deg. C. and even up to 900 deg. C. 

Homés!! taking Debye-Scherer diagrams on test bars 

during creep tests, concluded that 

(a) depending on load and temperature, creep may either 
work-harden a cold-worked material still further or 
it may cause it to re-crystallize. 

(b) if the material work-hardens when creep sets in, 
then this hardening effect either remains or it in- 
creases throughout further creeping. 

(c) below a certain temperature (recovery temperature) 
any creep load will cause work-hardening, above 
another temperature (re-crystallization temperature) 
any creep load will cause re-crystallization. 

(d) between these two temperatures, work-hardening or 
re-crystallization depends on the load applied. It is 
possible to choose this load so as to obtain a balance 
of hardening and re-crystallization. 

It is further known that recovery and re- 
crystallization temperatures change with amount of 
cold work or annealing time, also that the creep strength 
falls rapidly once recovery has started. It can be 
assumed, therefore, that the increase in creep resistance 
due to cold work also depends on the amount of cold 
work and on creep test temperature. The following 
tests serve to check this relationship systematically. 


TEST MATERIALS. 


A general improvement of creep resistance at high 
temperatures can only be expected if the recovery and 
te-crystallization temperatures of the material are high. 
This requirement excludes the use of perlitic or marten- 
sitic steels. Furthermore, as cold work somewhat 
reduces ductility, the annealed material should have a 
high elongation figure. Thus, high alloy temperature- 
stable austenitic steels were selected for these tests. 
However, low-alloy steels should show similar effects at 
lower test temperatures and tests with these steels 
would be of equal interest. 

_ Three 18-8 type alloy steels were chosen, with 
different alloying additions for higher temperature 
stability and protection against carbide segregations and 
intercrystalline corrosion (see Table I). 


COLD WORKING. 


The steel was rolled or forged into bars of about 
25 mm. (1 in.) diameter or square section, then annealed 
at 1050 deg. C., and quenched in water so as to obtain 
a homogeneous annealed structure. Suitable segments 
of 16 mm. (% in.) diameter were then stretched in a 
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TABLE 1. ANALYSES OF TESTED STEELS. 





ae Cy ees (sed Nie ‘ja ee Sed 
0-11 | 0-82 | 1:03 | 18-2 8-7 | 0-03 | 0-82 | 0-32 | - 


eed ioe 0:93 | 18:5 9-08] 0-03 | 1:3 — | 15 
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A 
B 
C | 0-08 | 0-72 | 0-74| 17-7] 10-9 | 263] — 03 — 





tensile test machine at room temperature and the amount 
of cold work measured in per cent remaining elongation 
(between 2°5 and 45°0 per cent). The cold-worked bars 
were turned to normal creep test pieces of 10 mm. 
(3 in.) diameter and 100 mm. (3-75 in.) test length. 
No other treatment was given. The yield point increase 
at room temperature, 20 deg. C. (68 deg. F.), gives a 
practical indication of the amount of work-hardening 
and is shown in Fig. 1. Table II gives the mechanical 
properties at room temperature, of the three materials. 


A 






















0 





5 
Fig. 1. Increase in yield strength of annealed Cr-Ni steel by 
cold work. 
A = Yield strength after cold work in kg./mm?. 
B = Degree of cold work in per cent permanent elongation. 
Curve 1: Steel A, Curve 2: Steel B, Curve 3: Steel C. 


CREEP TESTS. 


The creep strength was determined in short-time 
tests (DVM-standard) and defined as the maximum 
stress (in kg./mm.?) under which (a) the creep rate does 
not exceed 10 x 10°* per hour and (b) the total creep 
after 45 hours is less than 0°2 per cent. The creep rate 
was measured between the 16th and 32nd hour. The 
creep strength thus obtained di‘ters by less than ! 
kg./mm.? from that obtained by the DVM-standard 
method (measurement of rate between 25th and 35th 
hour). Steels A and B were investigated completely. 
but for steel C only 2 check-points were taken at 11 
per cent cold work. The results are shown in Table 
III and Figs. 2 and 3. 

For a constant test temperature, cold work up to a 
critical point increases creep resistance. The critical 
amount of cold work results in maximum creep strength, 


Taste II. 





Ultimate Reduc- 
Yield tensile , Elonga-| tion of 
strength strength tion area 
kg./mm? | kg/mm? | percent |,er cent 








| 
cold-worked 2:5 percent; 34—44 


“ > 45 percent 60—65 


66—71 


| 
annealed | 2534 | 63—67 | 50—57 | 60—74 
| 


| 
48—53 | 55—70 
85—91 | 17—25 | 42—53 
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TABLE III. CREEP TESTS WITH COLD-WORKED STEELS. 
| Yieldstrength | Creep strength (DVM-standard test) i 
Cold work kg./mm? at 7 


at ./mm 
permanent elongation) 20deg.C. | 550 | 600 650 700 
per cent |  kg./mm? | deg. C. | deg. C. | deg. C. | deg. C. 














Steel A 


annealed y 19* 
27:5* 
28* 
31* 
34* 
29 
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Steel B 
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* In these cases the creep strength is limited by the total creep « = 0-2 per cent ; in 
other cases it is limited by the creep rate. 
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Fig. 2. Creep strength of Steel A at different test tempera- ‘ 


























tures as a function of degree of initial cold work. 
A = creep strength in kg./mm2?. \ 





B = degree of cold work in per cent permanent elongation. 


more cold work causes the creep strength to fall rapidly 
until it is lower than for fully annealed steel. Fig. 4 
connects the maxima of the curves of Figs. 2 and 3, and 

gives the greatest improvements of creep strength that \ 
can be obtained by cold-working the fully annealed 
steels A and B. The control points taken with steel C 
(Table IIT) also show a considerable improvement in 
creep strength by cold-working. Similarly, for every 
degree of cold work, there exists a certain test tempera- 
ture up to which work-hardening is effective in improving 
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Fig. 4. Comparison of creep strengths of critically cold 
worked and of fully annealed Steels A and B as a function of 
test temperature. 


A = Creep strength in kg./mm*. 

B = Test temperature in deg. C. 7 
C = Degree of cold work in per cent permanent elongation. 
Curve a: Steel A, cold-worked 

Curveb: Steel A, fully annealed 

Curve c: Steel B, cold-worked 

Curved: Steel B, fully annealed. 

















creep strength, whilst at higher test temperatures the 
creep strength falls rapidly. This critical, “ reversal 
650°C] temperature ” (Fig. 5) probably indicates the start of 
wie recovery of the steel under test conditions, i.e. after 32 
pies, hours at test temperature under simultaneous gen 
72 a loading. According to Fig. 5, creep strength under 
Mee 0 400 i. C. is always improved, creep strength above 
pe 50 == 750 deg. C. always reduced, by previous cold work. 
10 0 40 50. B 60 Steel B is cold-work stable up to higher temperatures 
Fig. 3. Creep strength of Steel B at different test tempera than steel * and steel C, ps ith 5 — 8 
Bee = at 600 deg. C. than A and B (Table III). It is probably 
tures as a function of degree of initial cold work. stable up to still higher test temperatures. Molybdenum 


A = creep strength in kg./mm?. coy r 
B = degree of cold work in per cent permanent elongati n. additions (steel C) retard grain recovery ''. 
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Reversal temperatures and corresponding degrees 
of cold work for Steels A and B. 
Reversal temperature in deg. C. 
= Critical degree of cold work in per cent permarent 
elongation. 

permanent strain hardening range. 
D = recovery and re-crystallization range. 
Curve 1: Steel A, Curve 2: Stee B. 


CREEP TESTS WITH ROLLED STOCK. 


Any plastic deformation below the recovery tempera- 
ture has a “cold work” effect on the mechanical 
properties of steel. At or above recovery temperature, 
work-hardening and re-crystallization tendencies both 
play a part, and the final result will to a large extent 
depend on the time the material is kept at hot forming 
temperature. In order to investigate the influence of 
this hot forming temperature, 20 mm. (13/16 in.) 
diameter bars of steel A were hot rolled, and the last 
rolling operation (20 per cent reduction of area) was 
performed at different, closely controlled end tempera- 
tures. The bars were then tested without any additional 
after-treatment. Table IV shows that the lower the 
lat rolling temperature, the greater is the work- 
hardening effect, and the higher the creep strength. 
The creep improvement is most pronounced at low test 
temperatures but disappears at about 650 deg. C. 
(Fig. 6). At test temperatures of 500 and 550 deg. C., 
the creep strength of the hot rolled steel is higher than 
that of cold-worked material. At 600 and 650 deg. C., 
It is about equal. The influence of the hot rolling 
process cannot easily be analyzed and depends upon the 
degree of reduction, rolling temperature and speed, and 
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Fig. 6. Influence of rolling temperature on creep strength 
of steel A. 
A = creep strength in kg./mm/?. 
B = last rolling temperature in deg. C. 
= fully annealed at 1050 deg. C. and water quenched 


cooling speed. One can state, however, that hot work 
done at temperatures above even the recovery tempera- 
ture of the material leads to permanent work-hardening 
and, therefore, to creep strength improvement. 


EMBRITTLEMENT AND STABILITY. 


Apart from work-hardening and recovery effects, 
cemperature-stable alloyed steels may also show segre- 
gation effects which influence creep resistance. These 
effects lead to precipitation hardening, i.e. increased 
resistance against deformation often combined with 
pronounced embrittlement. Typical precipitation 
hardening steels sometimes even show improved creep 
resistance which increases with rising temperature. At 
the same time, the deformability of these materials drops 
to nearly zero. If these segregations occur, one can 
assume that simultaneous cold working accelerates or 
multiplies precipitation because it usually originates in 
planes where sliding occurs within the crystallites 1°, 
Little is known about the nature of segregating com- 
pounds and an expected precipitation hardening cannot 
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easily be predicted. A beginning embrittlement can 
only be deduced from a change of mechanical properties, 
at room or higher temperatures, of the creep-tested 
bar '*. Complete embrittlement or complete stability 
of elongation and tenacity or any intermediate state may 
occur. Thus, steel A annealed or cold worked up to 
5 per cent showed a slight tendency to precipitation 
hardening at 700 to 750 deg.C. Nochange of properties 
could be discovered with steel A cold-worked to more 
than 5 per cent. Steel C showed no change at all. 
Elongation and area contraction of steel B dropped by a 
few per cent at 600 to 650 deg. C. This, however, is 
still not troublesome. The irregularity at 600 to 650 
deg. C. of curve d in Fig. 4 already leads to the assump- 
tion of some precipitation hardening. This irregularity 
has almost disappeared in curve c so that one can 
conclude that the precipitation hardening effect is much 
reduced by initial cold work. Hot rolled steel A 
indicates no tendency to embrittlement. Precipitation 
hardening is only possible if a previous annealing 
treatment has established a homogeneous solid solution ; 
but hot rolled steel is not annealed. 

In order to have practical significance, the creep 
improvement due to cold work must be consistent over 
very long loading and heating periods. Usually, 
softening and recovery at constant temperature are 
completed after several hundred hours insofar as no 
further changes occur. The process, however, is 
asymptotic with time so that no definite time limit can 
be drawn. Many tests have shown the long time creep 
stability of steels 7 * * 1% 14, Thus one creep test of 
1,100 hours duration at 500 deg. C. under 35 kg./mm.? 
load showed no increase of rate of creep after 1,100 
hours ; the creep rate was 0°02 x 10° per hour, the 
total creep 0°06 per cent. A relaxation test with 
unalloyed 0°17 per cent carbon steel! showed the 
effécts of creep improvement due to. cold work even after 
70 days at 455 deg. C. Other creep tests !° led to the 
conclusion that annealed as well as cold-worked steels 
fracture under equal loads after about equal test 
duration, but that cold-worked steel then shows much 
smaller elongations. These tests show the long-time 
improvement of creep resistance by initial cold work. 

Naturally, the yield strength first falls as the cold- 
worked creep test bar is heated, but the remaining work 
hardening effect is still sufficient to increase the creep 
resistance. One of the main advantages of cold work is 
the reduction of total creep*, but also the creep rate is 
reduced by previous cold work as is shown by the 
improvement of creep resistance in cases where the 
creep rate only is the limiting factor. The creep 
stability of materials that are rolled or forged at relatively 
low temperatures need not be proved by tests. Such 
materials have, for a long time, been used successfully 
for the manufacture of gas turbine blades. 

Intercrystalline corrosion of these steels can always 
be avoided by protection against carbide segregations, 
i.e. by lowering the carbon content or admixing carbide 
stabilizing alloys. Moreover, an attack on the grain 
boundaries is dangerous only in the presence of 
electrolytic corrosion by fluids or of heavy oxidation. 
Normal applications and working temperature ranges 
(up to 630 deg. C.) of these temperature-stable steels do 
not lead one to expect such unfavourable conditions. 


CONCLUSIONS. 


Test results with cold-worked test pieces conform to 
the generally known conceptions about strain hardening 
and recovery. Recovery occurs the sooner the greater 
the lattice deformation. Therefore, a small amount of 
strain hardening is maintained up to higher temperatures 
rather than a greater amount. Above re- -crystallization 
temperature, the plasticity inside crystal lattices increases 
the more rapidly the greater the original deformation, 
and excessively cold-worked materials have a smaller 
creep resistance than the same materials annealed. 
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Partial recovery or re-crystallization occurs on hot rolling 
but in spite of a high rolling temperature, an appreciable 
strain hardening effect subsists and improves creep 
resistance in the same way as does cold work. Rela. 
tively higher creep strengths may be explained by grain 
refining through rolling. Further creep tests with 
rolled stock would be of interest in order to show the 
influence of varying rolling temperatures and are 
reductions. A critical reduction and a “ reversal 
temperature” could be expected to exist and their 
determination would be important. 

Although the general tendency is to choose gas 
turbine inlet temperatures as high as possible, and 
although first interest of designers will be focussed on F% 
steels usable at highest possible working temperatures, 
there will always be some blades and wheels working in 
the temperature range of 500 to 620 deg. C. Improve- 
ment of materials for these temperatures is therefore of 
practical importance, and the tests described here show 
the improvement of creep resistance with cold work or 
rolling at relatively low temperatures. For working 
temperatures below 500 deg. C., low-alloy Cr-Mo sieels 
can be similarly improved by a corresponding treat- 


ment }5, 

SUMMARY. 

The influence on creep resistance (DVM-standard 
test) at diferent temperatures of the amount of initial 
cold work was investigated for three temperature-stable 
Cr-Ni steels of 18/8 type. 

(1) Cold working generally reduces creep strength above 
750 deg. C. and improves it below 400 deg. C 

(2) For test temperatures between 400 and 750 deg. C. 
an increasing amount of cold work first raises the 
creep strength to a maximum, a further increase 
reduces it rapidly. 

(3) Improvement of creep strength by cold working is 
most pronounced at low test temperatures and 
disappears above about 700 deg. C. 

(4) For a constant amount of cold work, a “ reversal 
temperature ” can be found above which the cold 
work effect reduces the creep strength, i.e. for every 
working temperature, there exists an optimum 
degree of cold work. 

Bars rolled at varying end temperatures, with a 
reduction of 20 per cent in the last pass were tested 
without further treatment and the following conclusions 
were arrived at: 

(1) Creep strength increases with falling rolling tem- 
perature. 

(2) Improvement of creep resistance is largest for low 
test temperatures and disappears above 650 to 700 


“ 


deg. C. 

(3). For rolling temperatures between 1000 and 660 
deg. C., no maximum creep resistance could be 
found. Should there exist a critical rolling tempera- 
ture resulting in maximum creep strength, it must 
be below 660 deg. C. 

No appreciable tendency to embrittlement by 
precipitation hardening could be observed on any of the 


tests bars. At working temperatures of 600 to 620 deg. 
C., a satisfactory strain hardening stability can be 
expected even after long running periods. 
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APPARATUS FOR THE TESTING OF PISTON 


FRANCE 


RINGS 


By A. TENoT. (From Mécanique, Vol. 30, No. 337, September, 1946, pp. 213-217, 8 illustrations.) 


Tue method hitherto employed for the static testing of 
piston rings consists in measuring the forces or force 
couples required to close the ring by a certain amount, 
and then to measure the forces required to bring about 
this deformation. In a rather crude method of this 
type the deformation of the ring is achieved by subject- 
ing it to two diametrically opposite external forces as 
shown in Fig. 1, thereby causing the ends of the ring 
to approach each other. 
The relationship exist- 
ing between the amount 
c Aas by which the gap 

between the ends A and 

B is diminished and the 

force F can then be 

established on the basis 

of Castigliano’s theo- 

rem. In this test only 

one-half of the ring is 

placed under stress, 

which is quite different 

from actual operating 

conditions in which the 

entire circumference of 

the ring is uniformly 

loaded by radially act- 

Fig. 1. ing forces. 

In another method which is more generally employed 
in France, the ring segment is engirdled by a highly 
flexible brass tape, and the magnitude of the tensile 
force to be applied at one end of the tape to produce a 
specified diminution of the gap between the ends of the 
ring is determined (Fig. 2). In making this test two 
cases must be considered, to wit :— 


F 


Fixed Point, 


Calibrated 
Spring 


1. If, owing to the condition of the contacting 
surfaces, the tape cannot slide on the peripheral surface 
of the ring, it will be impossible to, determine the dis- 
tribution of the forces over tape and ring respectively, 
since the system is indeterminate. 

2. If sliding of the tape occurs, the system will be 

isostatic. The tension in the tape and the pressure 
exerted by it will not, however, be uniformly distributed 
over the peripheral surface engirdled, but owing to the 
presence of friction it will vary according to an exponen- 
tial law reckoned from the point of symmetry of 
application of the tape. Such an exponential distribu- 
tion of pressure does not, of course, conform with actual 
operating conditions. 
_ A better approximation to actual service conditions 
is obtained with the apparatus developed by the Swiss 
firm of A. J. Amsler, which apparatus was successfully 
tested in the iaboratory with which the author of the 
article is connected. In the Amsler apparatus, illus- 
trated in Figs. 3 and 4, the piston ring to be tested is 
compressed or expanded by the application of a true 
flexing couple M, = C which is uniform over the entire 
circumference of the ring except for the very short 
portions projecting beyond the points of application of 
the couple, that is, towards the extremities of the ring. 

The forces necessary to produce the couple are set up 
by hand, the couple itself being measured by means of a 
torsion bar forming part of the equipment. As will be 
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Fig. 4. 


shown below, a simple formula permits to compute the 
magnitude of the couple required to produce a deforma- 
tion equal to that caused by a uniformly distributed 
pressure p under actual operating conditions. 


The following tests can be made with the use of this 
device, to wit :— 

(a) Determination of the radial pressure p producing 
a gap of a specified width, and the piston ring is 
considered to have passed the test if the gap produced in 
the ring is registered on the dial of the apparatus between 
two tolerance marks. 

(b) Determination of the force required to close the 
ring. 
The above two tests can be considered as resiliency 
tests. 

(c) Determination of the breaking strength of either 
the complete ring or of a portion thereof. The magni- 
tude of the couple, and with it the equivalent rupturing 
pressure, are indicated on the dial of the apparatus by a 
revolving pointer carried by an engaging pin over the 
dial and remaining in the extreme position coincident 
with the occurrence of rupture. 

Referring to Figs. 3 and 4, the two ends of the piston 
ring are seen to be held in small grips each of which is 
slidably carried in a holder equipped with 4 rollers to 
guide the radial movement of the grip. This sliding 
arrangement is chosen in order to preclude the occurrence 
of radial forces. One of the holders is equipped with 
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an operating handle and the other, at its pivoting point, 
is attached to a torsion bar. 

In order to determine the magnitude of the couple 
required to produce a widening of the gap of the ring, 
equal to that caused by the application of an uniformly 
distributed pressure p, the latter is replaced by a ficti- 
tious force F which permits analytical treatment on the 
basis of Castigliano’s theorem. ‘The author shows that 
an identical increase in the size of the gap will obtain ifa 


RUSSIA 


a 
couple C = — pr’ is applied where p is the uniformly 
2 


distributed pressure and r is the radius of thering. The 
author also investigates the ovality produced in either 
case and finds that, for identical increases in the width 
of the gap, the couple produces an ovality 50 per cent 
greater than that produced by the corresponding 
uniformly distributed pressure. 


REDUCING THE NUMBER OF TUBES IN LOCOMOTIVE BOILERS 


By SH. G. JANGEGAVA. (From Izvestia Akademii Nauk, U.S.S.R., No. 2, 1946; pp. 229-236, 6 illustrations.) 


THE design of locomotive boilers is based upon the 
assumption that a certain heat transfer takes place per 
unit surface area of the tubes and that the resistance to 
this heat transfer is greatest at the gas-to-metal boundary. 

Various empirical formule have been worked out on 
this basis and they appear to be correct, since they give 
correct results in spite of the fact that certain vital 
factors are not taken into account. According to these 
formule a definite total heating surface is required, and 
with a given size of boiler it seems therefore as though 
superheating is done at the expense of evaporation. 
Attempts made at various times to reduce the number of 
tubes, have on the whole been a failure and this has 
strengthened the belief that existing designs were 
correct. 

If, however, the empirical coefficients of heat 
transmission are analysed and compared with the 
formule for heating metal, surfaces by hot gases, it is 
found that about one half of the resistance to heat 
transfer must occur at the metal-to-water boundary. 

This can be explained by the fact that, what was 
assumed to be a metal-to-water contact, is really 
screened by steam or a steam-and-water emulsion. 
Only about half the surface of the tubes may be regarded 
as working in water, the other half being steam-coated. 

Analysing local temperature gradients and comparing 
heat transfer coefficients of “‘ immersed ’’ tubes with 
those above water level, it has been found that when 
the boiler is steaming hard, the water enters the spaces 
between the tubes mainly at the smoke-box end and 
then flows along the tubes, becoming increasingly 
emulsified with steam. It is finally released to the 
surface at the fire-box end where the reduction in tube 
diameter renders upward flow easier. 

This led the author to the conclusion that the number 
of tubes can be reduced with an actual increase in boiler 
efficiency if the reduction in heating surface is com- 
pensated for by better circulation—and particularly by 
better facilities for upward flow. 
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Fig. 1. Suggested arrangement of tubes. (25 per cent less 
than normal). 
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Fig. 2. Modification to existing boiler to improve circulation. 
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Fig. 3. Modification to existing boiler (alternative). 


There appears to be a possibility that, if circulation 
is improved by artificial means, the steam raising 
capacity of boilers can be altered drastically. As an 
immediate practical measure of economy, however, new 
boilers could benefit by the adoption of a tube dis- 
position as shown in Fig. 1 (number of tubes 25 pet 
cent below normal), and existing boilers could be 
improved by removing 25 to 35 per cent of their tubes, 
as indicated by black dots in Figs. 2 and 3. 

In this way the author has converted twelve loco- 
motive and two stationary boilers between June, 1943 
and June, 1945, and they show a reduction in fuel 
consumption varying from 8 to 12 per cent for locomotive 
and from 5 to 7 per cent for stationary boilers. _ 

Apart from fuel economy, the reduction in the 
number of tubes represents a saving in first cost and 
maintenance, while in a newly designed locomotive 
more hot gases become available for superheating. 
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HYDRAULIC COMPRESSOR FOR ULTRA-HIGH PRESSURES 


By L. F. VERETSHAGIN. 


EXPERIMENTS relating to the study of ultra-high pressure 
phenomena are usually carried out with the employment 
of a multiplicator, that is, a compressor equipped with 
differential pistons. In this -type the larger piston 
reciprocates in the low pressure cylinder, and the 
smaller piston in the high pressure cylinder, and the 
ratio of the piston areas determines the coefficient of 
multiplication. 

If large volumes of liquid are to be compressed, then 
it is necessary to employ multiple pistons with a corres- 
ponding number of overlapping valves, but this 
arrangement leads to rapid wear-of the discharge valves. 
This undesirable feature makes the multiplicator a 
rather inadequate machine. Other disadvantages are 
its slow operating speed and the need for very careful 
attendance and frequent overhaul. This compressor 
type does not, therefore, lend itself to industrial applica- 
tion. 

In industrial and chemical process work there is a 
demand for a machine for extra-high pressures in excess 
of 1,000 kg. per sq. cm. and large capacity. Thus, for 
instance, the Imperial Chemical-Industries employ two 
compressors for producing the pressures required for the 
production of polythene. The first of these compressors 
isa machine of orthodox design, built for a pressure of 
250 kg. per sq. cm., while the second machine, the press 
compressor, is of the multiplicator type with differential 
pistons and mercury lubricated valves. This particular 
plant emphasizes the disadvantages of the press compres- 
sor. The presence of mercury in the extra-high pressure 
part and the possible escape of mercury through the 
gland must be considered a source of potential trouble, 
particularly from the viewpoint of safety of the operating 
personnel. It is for these reasons that the author has 
designed a hydraulic compressor for super-pressure, 
en was originally intended for the compression of 
iquids. 

It was, however, found from tests that this com- 
pressor is also applicable to the compression of gases if 
these are admitted to the compressor with an initial 
pressure of 400 to 600 kg. per sq. cm. Five machines of 
this type were built. An operating period of six years 
attests to the superiority of their design as compared to 
multiplicator designs, and to their service reliability. 
Considering its unusual compactness and its simplicity 
of operation, this type of machine appears highly 
suitable for the generation of ultra-high pressures both 
in laboratory and in industrial practice. 
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(From Journal of Technical Physics, Vol. 16, No. 6, 1946, pp. 669-680, 11 illustrations.) 



































Fig. 2. Design of crank mechanism. 


In the design of a hydraulic compressor for super- 
high pressures—and this applies in particular to gas 
compressors—the stuffing box of the piston rod consti- 
tutes a particularly difficult problem. In view of the 
small displacement per piston stroke it is vital to obtain 
zero leakage through the piston seal especially when high 
pressures such as 5,000 kg. per sq. cm. are to be 
produced. This fact is self-evident considering the 
operating conditions of the compressor and also the 
small compressibility of liquids or of pre-compressed 
gases. On the basis of the solution to the problem as 
found by the author, a hydraulic compressor could be 
built to deliver 1-7 litres per hour at 5,000 kg. per sq. cm. 
pressure. Subsequently a machine was built for a 
capacity of 15 litres per hour at 6,000 kg. per sq. cm. 
Operating experiences with these machines have shown 
that the problem of building super-pressure compressors 
for industrial use is now fully solved. 

A section through the compressor is shown in Fig. 1. 
Here the admission of the liquid during the admission 
stroke and its subsequent compression during the return 
stroke is accomplished by a piston made from ball 
bearing steel. The piston is hardened and subsequently 
tempered to a Rockwell hardness of 40-45 Rockwell C 
scale. After heat treatment the piston is ground. The 
final diameter of the piston is 6 mm. The compressor 
is driven by a 5-8 kW. motor, the motor speed of 1,500 
r.p.m. being reduced by means of a reduction gear to a 
pump speed of 40 r.p.m. The eccentric producing the 
reciprocating motion of the piston is shown in Figs. 
1 and 2. 

The piston rod gland and the special arrangement 
employed to produce an absolutely tight fit of the piston 
are shown in Fig. 3.. This novel design was developed 
by the author in consideration of the fact that the usual 
type of grease gland is not self-sealing and requires the 
setting up in the gland of a pressure which exceeds the 
working pressure of the compressor by a certain amount. 
A further disadvantage of this type of gland or stuffing 
box is the very considerable frictional resistance which 
it offers to the movement of the piston; and if not 
properly attended to, scoring of the piston rod will there- 
fore result. In fact the troubles experienced with glands 
of this type are largely responsible for the difficulties 
encountered in the operation of compressors working at 
pressures in excess of 1,000 to 2,000 kg. per sq. cm. 

Another point to be taken into consideration is that 
the specific piston load is very considerable at super-high 
pressures, so that very small piston diameters must be 
employed. At 5,000 atmospheres pressure, a piston of 
only 6 mm. diameter has to transmit a thrust of 1,420 
kg. without taking into account the friction force 
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originating in the stuffing box. With a piston diameter 
of 9 mm. the thrust rises to 3,180 kg., and with a piston 
of 12 mm. diameter the thrust reaches the very consi- 
derable magnitude of 5,660 kg. From these figures it 
will be seen that the employment of a stuffing box of 
great length would lead to excessive stresses. This also 
explains why the piston stroke must be kept as short as 
possible. The author therefore decided to limit the 
working volume to 1 to 2 cu. cm. per stroke. Con- 
sidering the small compressibility of liquids which in 
the case of water amounts to 12 per cent at 5,000 
atmospheres, and in the case of glycerine to 8 per cent at 
the same pressure, it becomes at once obvious that any 
leakage during the pumping stroke must be avoided. 
The gland designed by the 
author as shown in Fig. 3, consists 
of two parts, namely an upper 
part constituting a labyrinth, and 
a lower part made in the shape 
of a bush. The labyrinth gland 
consists of a stack of steel washers 
with leather washers placed be- 
tween them; the bore of the steel 
washers is 0-2 mm. less in dia- 
meter than the piston rod. This 
labyrinth gland serves to build up 
a pressure gradient during the 
starting-up period of the com- 
pressor, when the pressure deve- 
loped is not yet sufficiently high 
to bring the second gland into 
operation. The latter operates 
on the principle that a pressure 
gradient is established during the / 
pumping stroke, this pressure Ay 
gradient increasing with the 07 WY 
pressure. The bush which con- ~~ 
stitutes the second gland is so | 
designed that its external surface Fig. 3. 
is subjected to pressure. Hydrau- 
lic pressure, of course, also pre- 
vails in the annular gap between the piston rod and the 
inner wail surface of the bush. As the pressure exerted 
upon the external surface of the bush counteracts the 
internal pressure, the bush is prevented from expanding, 
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Compressor gland. 


Fig. 4. Pressure distribution 
in gland. 
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and the clearance between piston rod and bush therefore 
remains almost constant. The pressure distribution in 
the direction of the longitudinal axis of the bush is 
charted in Fig. 4. 

As far as the author is aware, this is an entirely novel 
principle not hitherto used in any other compressor 
design. Long time operation of hydraulic compressors 
equipped with this type of gland has proved that this 
design is subjected to minimum wear and tear. In the 
case of a piston of 6 mm. diameter, a bush of 5 mm. wall 
thickness is used ; but it is not yet possible to say whether 
this constitutes the most suitable thickness, and further 
investigations in this repect are pending. 

In view of the fact that at a pressure of 5,900 atmos- 
pheres the liquid has a compressibility of approximately 
20 per cent,* cylinder clearance must be kept to a mini- 
mum. Indicator diagrams show that in hydraulic 
compressors the clearance is very large. Thus, for 
instance, a small compressor investigated by the author 
showed a clearance of 85 per cent of the suction volume. 
However, in hydraulic compressors the influence of the 
clearance upon compressor performance is less marked 
than in gas compressors. In the latter type the cylinder 
clearance usually amounts to 5 to 10 per cent of the 
suction vclume, and the lower the working pressure, the 
greater is the clearance permissible. 

* Here the Author contradicts his earlier statement.— 
Editor, ENGINEERS’ D1Gzs!. 


APPROXIMATE GRAPHICAL DETERMINATION OF THE FREQUEN: 
CIES OF TORSIONAL AND FLEXURAL VIBRATIONS 


By O. FéppL. (From Die Technik, Vol. 1, No. 7, January, 1947, pp. 329-332, 16 illustrations.) 


THE conception of “ vibration forces” is introduced, 
that is to say of forces relating to the frequency w = 1. 
All other forces in the funicular polygon also to be 
‘“* vibration forces ” of identical dimension. With this 
conception, the frequencies of torsional. vibrations can 
easily be calculated. By means of an assumed displace- 
ment curve, the frequency of flexural vibration of a 
shaft with overhanging end is determined, and, for this 
particular case also, the frequency of vibration of the 
second order is calculated. 


For harmonic motion 
£ = & cos wt oe ve CR) 


é is the displacement of mass m at any instant, &) the 
amplitude of vibration. Instead of using the inertia 
force, which at the amplitude equals to m é, w®, a force 
relating to w = 1 is introduced. We denote this force 
“vibration force,” its dimension being kg.sec.? 
Graphical work with these vibration forces (Fig. 1 
and 2) is just the same as with ordinary forces if it is 
taken into account that all dimensions in the diagram 
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of forces are kg. sec.?, The reactions therefore. are also 
vibration forces, B/w? and C/w? respectively, and so is 
the horizontal pull H/w*. 

With torsional vibrations of a mass of the moment of 
inertia 0, the torque at maximum displacement amounts 
to 0 . 4g . w® [cm. kg.], and we have a “ vibration 
torque ” 04 of the dimension kg. cm. sec.? Adhering 
to this dimension in graphical work, the determination 
of the approximate frequencies of torsional and flexural 
vibrations becomes quite simple. 


1. TORSIONAL VIBRATIONS. 


Several approximate calculations relating to torsional 


vibrations of crankshafts are known.' The present 
method appears to be the simplest. It is similar to the 
method of Waimann? in which, however, various 
dimensions are used in the force diagram. In Fig. 34 

(1) L. Gimset, Z. VDI, Vol. 56 (1912), p. 1025. K. KuTzBACH; 
Z. VDI, Vol. 61 (1917), p. 917. M. ToLtLe: Regelung der Kraft- 
maschinen, Springer, 1921, etc. 

(2) K. WaIMANN, Z. VDI, Vol. 78 (1934), p. 1083. 


THE ENGINEERS’ DIGEST 





refore 
ion in 
ush is 


novel 
ressor 
essors 
t this 
in the 
1. wall 
ether 
irther 


[mos- 
lately 
mini- 
raulic 
Or 
uthor 
lume. 
yf the 
arked 
inder 
f the 
, the 


hs 





WV. 
i 


me. 





1 
tH, e-— 


z | 
| 


Figs. 1 and 2. Shaft under loads with moment area and funi- 
cular polygon for vibration forces. 
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Figs. 3and 4. String coming from infinity loaded by vibra- 
tion forces. 


crankshaft is shown together with the distribution of the 
moments of inertia @,. All shaft sections are reduced 
to the same diameter according to the relation 


bie 2 Tn rea = ix > In rea oe ee (2) 


I, are the moments of inertia of the shaft cross-sections. 
In Fig. 3 the distances /,, rea, the reduced shaft lengths, 
are shown in the horizontal direction whereas the 
moments of inertia 9, are plotted vertically. 

We first imagine /, coming horizontally from infinity 
submitted to the action of vibration loads 9, . p,. The 
first displacement 4 ¢, is arbitrary. We now draw the 
force diagram Fig. 4 in which 9, . 4¢, is marked off in 
an arbitrary scale in the vertical direction, and connects 
Oy and point D by polar ray /,. By drawing a parallel 
to /, in the funicular polygon Fig. 3 we obtain 49, in 
terms of 4g,. In the force diagram Fig. 4 we have then 
0,49, and Hy/w? in the scale given by 49, 9). 
Connecting Oy and point E by /, in Fig. 4, and drawing 
a parallel to /, in Fig. 3, we obtain 4 p, which is negative. 
Because of this negative sign 4¢, 9, in Fig. 4 is to be 
drawn upward from point E. Line /,; determines 
displacement 4q,, and the last line /, gives 4; and 
thereby the vibration torque 4g, 9;,. When the poly- 
gon of forces (Fig. 4) is closed, the last string /, is 
horizontal, pointing to infinity. 

The criterion for the correctness in the assumption 
of the direction of /, lies in the closing of the polygon of 
forces, Fig. 4. 

It remains to determine the natural frequency from 
the inclination of string /,. If /, intersects the axis at 
point S,, the frequency would be w’ : 

cy My, 1, My! 
— 349, = ;Gl, = —— = 
0, GI, Ae, 
Cao 
at = i ce 
l ni 0, 
Herein, G is the modulus of rigidity, J,, the polar moment 
of inertia of the shaft cross-section and M is the torque 
corresponding to the angle of twist 4¢, for the length 
In Of the shaft. Displacements 4g are shown in a 
greatly magnified scale. The actual inclination of /, 
from the axis is very small so that /,,, can be replaced by 
h, and soon. The right-hand end of string /, is not a 
fixed point but moves by the amount ¢,. The actual 
frequency, therefore, is : 
a 4 1 — 49¢2 


Cy Tn 3 


4¢,— 49, 
w i 


(4) 
4 1 
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Thus, the graphical construction requires only the 
multiplication of the various 4, by 9,, the drawing of 
these distances to an arbitrary scale and the parallel 
transformation from Fig. 4 to Fig. 3. 


2. FLEXURAL VIBRATIONS OF A DOUBLY 
SUPPORTED SHAFT. 


First a vibration-elastic line should be drawn~ by 
assuming displacements ¢,, (Fig. 5). The vibration 
forces m,, &, determine the vibration reactions B/w* 
and C/w?. By using the polygon of forces, Fig. 7, the 
moment area, Fig. 6 can be found, the ordinates u of 


1 
which multiplied by — give, at any location of the shaft, 
w 


M 
the vibration moment — . 

w"” 
be considered as the loading of a string under the action 


This moment area is now to 


1 
of a horizontal pull ke 
w? 
Again, the assumptions (Fig. 5) are correct if w is 
equal to the natural frequency of the shaft*, that is 


r r 


a b 
i] ————— 


Km, £; j udx 
. . . . 1 . 
In this equation « is the ratio of m, , to — according 
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Figs. 5 to 7. Shaft on two supports with moment area and 
funicular polygon. 
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Figs. 8 and 9. Shaft with overhang reduced to doubly sup- 
ported shaft of equal elastic line. 














to the scale adopted in Fig. 7. The integral in the 
denominator represents the moment area in Fig. 6. 
r is the distance between the axis and point O, the 
intersection of the first and last tangent of the elastic 
line, Fig. 5. A criterion for the correctness of the 
assumed elastic lines is afforded by the requirement that 
the centroid S of the moment area should lie vertically 
below O. There is no need to draw a new elastic line, 
as by using Figs. 5 to 7 and equation (5) w can be found 
directly ; moreover this method gives a check as to the 
correctness of the assumption. 


(3) O. Féppr, Ingenieur Archiv, 1940, p. 178. 
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3. DOUBLY SUPPORTED SHAFT 
WITH OVERHANG. 


The shaft in Fig. 8 is supported in two bearings B 
and C and is loaded by masses m,, m, and m, as shown. 
We assume the shaft to be of constant diameter, as 
according to the laws of graphical statics a change in 
diameter requires a change of scale for the bending 
moments only, and does not present any difficulties. 
In Fig. 8 the vibration-elastic line is guessed with the 
displacements ¢,, £, and é;._ For a’vibration of the first 
order we have the vibration forces m, £,, m, &, and mg £4, 
and find the reactions B/w* and C/w? by using the 
moment theorem. 

We now replace the system in Fig. 8 by one in which 
the shaft is supported at both ends, Fig. 9. This 
transformation calls for masses m’,, m’, and m’, of such 
a magnitude that the shaft displacements at any location 
are identical with those of the original shaft. The 
frequency of the new system, Fig. 9, is denoted w’, and 
we have the vibration forces m,’ £,’, m2’ £,’ and m, &.. 

To.obtain identical displacements for both systems 
the following condition must be fulfilled : 


My oe oo m, ce. on .. (6) 
The vibration force C/w*® follows from the moment 
equation for point B : 


Cc 
+ —I—m,&,s3=0 (7a) 
2 


w 


my, &, S$; + Me &o Se 


S3 Sy Sz 
— m, &, m, £5 — — m, £; — — my 2 — (7b) 
Ws l l 1 
The kinetic energy E of the system in Fig. 8 with 
the frequency w is 
w? 
E= _ &,? + me £27 + msg £,") (8) 
The kinetic energy E’ of the system according to Fig. 
9 is : 


2 
w” 


EB’ = —— (m,’ £,* + m,’ §.* + m. €.*) 
2 


2 
@w* 


S3 
(m, &, 1’ + me &o £4’ ms ae 


Sj Ss 
— m, £,€. —— me §, &. — oe ocx 109) 
l 1 


As the elastic lines are the same and the strain energies 
in the extreme positions are equal, the kinetic energies 
E and E’ must be equal. 

Therefore from equations (8) and (9) : w’ = w. 


4. FREQUENCY OF FLEXURAL VIBRATIONS 
OF THE SECOND ORDER. 


We first assume the displacement curve of the second 
order, Fig. 10, which intersects the X-axis in the nodal 
point K. This assumption also fixes the vibration 
forces. We can now draw the vibration moment curve 
M,/w? H, u/w* Ff (x) by using the polygon of 
forces, Fig. 11. The moment area M = f (x) intersects 
the X-axis in point V ; for this point M 0. We 
imagine the shaft in Fig. 10 cut at V into two part 
systems I and II. In point V a vibration shear force is 
transmitted which in part I acts in the direction of 
B/w*, and in part II in the direction of C/w*. The 
magnitude of V /w? can be calculated for either of the 
part systems. As at V we have M = 0, the elastic line 
must have here a point of inflexion. 

Consider first part I, shown to the left of V in Fig. 13. 
For this part system the frequency w’ can be calculated 
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I with w”" 
Figs. 10 to 13. Vibrations of the second order of a shaft. 


by using equation (5). It is, of course, necessary to 
reduce the masses m, and m, for the changed displace- 
ments. The polygon of forces, Fig. 11, remains 
unchanged as m, £, = m,’é,’. Likewise, the frequency 
w” of the part system II can be calculated, again using 
equation (5), and basing the calculation on the reduced 
masses m”, Taking correct signs, at point V, the 
positive mass of part I and the negative mass of part II 
combine to zero mass. 

The assumption of the vibration-elastic line was 
correct if the two frequencies w’ and w” are of equal 
value. If w’ is smaller than w”, ¢, and &, have been 
too great in relation to é,. In this case, for a new 
assumption, the nodal point K should be shifted to the 
left. If the two frequencies w’ and w” do not vary 
greatly, the actual frequency of the second order is the 
mean between w’ and w” : 

1 


wo = —(w” a 


EI r, (a + b) 








re (c + d) 
| (10) 


2n, Mm, &; 
| ab udx cd udx | 
I II 


The centroids S; and S;, must lie below the points 
of intersection O; and Oy respectively. 


5. VIBRATION OF THE SECOND ORDER OF 
A SHAFT WITH OVERHANG. 


Fig. 14 shows a shaft supported at B and C and 
loaded by the masses m,, m, and msg, the latter overhung. 
For such a system we can find the vibration forces 
m, £n, B/w? and C/w?. From the moment area we 
determine point V at which no moment is transmitted 
by the shaft. At this station, there is a point of inflexion 
in the assumed elastic line. If we replace C/w* by 
m, €-; we have a shaft supported in bearings at B and m; 
which is loaded between these bearings by the masses 
m,’, my’ and m,. The frequency of the second order of 
this system can be calculated according to 4. 


z 
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Fig. 14. Vibrations of the “ee order of a shaft with over- 
ang. 
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pression vibration systems of equal 
d to a vibration of the second order of the 
resulting system. 


6. THE COMPOSITION OF FLEXURAL 
VIBRATIONS. 

Consider two tension-compression vibration systems 
such as shown in Fig. 15. These two systems can be 
combined so that the frequency of the second order of 
the total system is equal to the frequency of the part 
systems. 


3 








Fig. 15. T 


rey 7 » 








Fig. 16. Two flexural vibrations of equal frequency 
composed to a flexural vibration of the second order. 


Similarly, two flexural vibration systems according to 
Fig. 16 can be composed if the two systems have the 
same frequencies. The method is very much the same 
as described in 4. Generally it can be stated that 
two shafts under flexural vibration having equal fre- 
quencies can be composed to one shaft, the natural 
frequency of which equals the frequency of the part 


systems. 
RUSSIA 


GYRO-MAGNETIC EFFECT IN SUPER-CONDUCTING MATERIALS 
By I. K. Krxoin. (From Journal of Technical Physics, Vol. 16, No. 2, 1946, pp. 129-154, 12 illustrations.) 


THEORY. 
SOME connection between super-conductivity and 
magnetic phenomena has always been suspected, but 
it required the brilliant work of Meissner and Ochsen- 
feld to prove that super-conductors must also be dia- 
magnetics, that is to say that their magnetic susceptibility 
has the maximum value possible, i.e. —1/477. 

The nature of this diamagnetism is not known, 
since there is as yet no “ microscopic ”’ theory of super- 
conductivity. But the fact that it is so pronounced has 
made it possible to conduct experiments to determine 
the existence and magnitude in these materials of the 
“ gyro-magnetic” effect, which had hitherto been 
investigated only in para- and ferro-magnetics. These 
experiments are of more than passing interest because 
they settle two problems which can be of great help to 
our understanding of other magnetic phenomena. It 
was hitherto unknown (a) whether gyro-magnetic effects 
could be induced in diamagnetics generally and (b) 
whether they could occur in bodies of infinitely large 
conductivity. 

The gyro-magnetic effect arises because the 
“elementary magnets ” from which the magnetism of 
a body is derived possess not only magnetic moments 
but also the ordinary moments of movement. Thus 
when the magnetic moment of a body is changed by 
4M there is a corresponding change 4P in the moments 
of movement of the elementary magnets. Eut since the 
total moment of the body must remain unaltered, there 
must be a “recoil action” of —4AP which can be 
measured mechanically and is known as the “ Einstein- 
de Gaas ” effect. 

This is clear enough in the case of para- and ferro- 
magnetic bodies, where internal magnetic moments exist 
even before magnetization. But one could not assume 
a priori that the same effect would exist in dia-magnetic 
materials where no initial 4M exists and magnetism 
arises in the atom by induction from the external field. 
The only way this question could be settled definitely 
was by an experiment on a super-conducting body, 
because the susceptibility of other diamagnetics is too 
weak to permit of obtaining any measurable result. 

As regards the second problem, whether gyro- 
magnetic effects could occur in an infinitely conductive 
body, it is of great interest as shedding new light on 
super-conductivity itself. The modern view of ohmic 
resistance is that it is due to the dissipation of the energy 
of electrons by their interaction with the ions of the cry- 
stal lattice. One way of explaining super-conductivity, 
therefore, would be to say that for one reason or another 
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Fig. 1. The Suspension system 


the interaction of electrons and ions has been abolished. 
But in that case one could not expect the material to 
display the Einstein-de Gaas effect, so that proof of its 
existence has an important bearing on the whole theory. 

A further development of this experiment, beyond 
establishing the existence of gyro-magnetic reaction, was 
to measure its amount and calculate “g” — 
**Lande’s constant ”’—which indicates whether the 
magnetization is determined by the axial (spin) moments 
of the electrons, in which case g = 2, or by their orbital 
movements or eddy currents ‘g = 1). 


THE EXPERIMENT. 


Some idea of the difficulties encountered may be 
formed when considering that the gyro-magnetic effect 
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corresponds to a “ Lande’s constant,” », 
of 1 +; 03. In other words, the mag. 
netism is not that of electronic spin by 
is occasioned by some orbital movement, 
of eléctrons which could be either ona 
atomic scale or microscopic (eddy cur. 
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Fig. 2 


is weak and difficult to measure even in iron, while in 
diamagnetics it is necessarily some 50 to 100 times less. 
And, in addition, the experiment must be conducted at 
temperatures approaching absolute zero. 

In theory the experiment is simple enough: the 
specimen is suspended in a vertical field on a thread of 
known torsional stiffness. A change in the field 
produces a torsional swing which is very small but can 
easily and accurately be rendered measurable by enlisting 
the help of resonance: if the field current is varied in 
synchronism with the natural amplitude of torsional 
oscillation of the specimen and thread, the oscillations 
will quickly build up to an appreciable value. 

In practice, however, the slightest eccentricity of the 
specimen relative to the field gives rise to secondary 
effects which can be far in excess of that which it is 
intended to measure. In an example quoted by the 
author using a typical cylindrical specimen, the earth’s 
field alone, if uncompensated, would give a torque 500 
times greater than the gyro-magnetic torque, this 
means that it would be impracticable with such a speci- 
men even to attempt to get accurate results by 
compensating for terrestrial magnetism. 

The difficulty was overcome by having a spherical 
specimen—which is a new departure—as well as making 
use of the device proposed by Einstein and elaborated 
by Scherer and Coeterier which takes advantage of the 
fact that in a variable field the “‘ secondary ”? moments 
arise a quarter of a phase ahead of the gyro-magnetic, so 
that their effect can be eliminated by so varying the field 
current that the pendulum swings in resonance with 
** gyro-magnetism ”’ only. 

The specimen used was of Hilger’s lead, suspended 
in a vacuum tube, as shown in Fig. 1, connected by a 
glass tube S to the indicating mirror MM and suspended 
by a quartz thread. 

The scheme of control is shown in Fig. 2, where Ph 
is the multi-stage photoelectric cell illuminated by the 
mirror MM, V the amplifier tube and r the resistance, the 
voltage across which (through the condensers C, and C,) 
controls the work of the thyratrons Th, and Th, and 
hence the main field. 

The cooling was effected by liquid helium at atmos- 
pheric pressure, and terrestrial magnetism was carefully 
compensated for even though the scheme of induced 
oscillations was also designed to eliminate its influence. 

The general view of the installation is shown in 
Fig. 3. H is the solenoid, R the tube with the specimen, 
D, an outer Dewar flask with liquid nitrogen and D, an 
inner Dewar flask with liquid helium. T is the moveable 
table, counterweighted at QQ: E is a Helmholz coil. 


RESULTS AND CONCLUSIONS. 
With every possible precaution taken against error, 
the results may be said to be quite conclusive: the 
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Fig. 3 


One may advance the theory that electric circuits are 
indeed on the surface of the sphere by changes 0! 
magnetic field, but that seems to postulate the pene- 
tration of the field into the super-conducting body which 
seems impossible since its “‘ B”’ is zero. Possibly there 
is a slight penetration and this theory is consistent with 
certain recent experimental results. : 

An alternative explanation would be the induction 0! 
electric circuits on a microscopic scale, but if so, theif 
origin is yet unknown. 
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SWITZERLAND 


THE BEHAVIOUR OF THERMOSETTING PLASTICS 
DURING WEATHERING 


By G. O. GRIMM. 


Tue mechanical properties of mouldings manufactured 
from thermosetting materials are affected when sub- 
mitted to free atmospheric conditions under mechanical 
load. Stress concentrations are especially dangerous 
and are to be avoided by proper design. The corrosion 
of inserts may also result in failure. The static stress 
of plastics mouldings under free atmospheric conditions 
should be not more than 1/5th of the initial strength. 

Experiments carried out with short time tests 
related to the effect of conditions of environment on the 
mechanical properties of organic plastics do not give 
satisfactory information. Long time tests were carried 
out, the mouldings being subjected to free atmospheric 
conditions from June, 1943 to September, 1945, in a gar- 
den in Switzerland, approximately 1,300 feet above sea 
level. An official weather observation station was near 
so that complete readings could be obtained. The 
average temperature was 9-77 deg. C. There was 
sunshine on 578 days and rain on 305 days. The 

highest temperature during the period was 36 deg. C. 
and the lowest —23-5 deg. 

Test pieces : Standard test bars 120 x 10 x 4mm. 
were moulded, some of them were after-cured in order to 
investigate whether an improvement could be achieved. 
A further 24 mouldings of various shapes and design 
were taken from bulk production. 

The material used is shown in Table I. 


Taste I. 





| \ BrITISH 

RESIN. | FILLER | SwIss | STANDARD SPEC. 

|STANDARD | (nearest) 

| H.POP. | B.S. 771. G.P. 

Phenol Organic fibre | H.POF. B.S. 771. M.S. 

Fabric and Cellulose fibre] H.POS. | B.S. 71. M.S. 

Asbestos fibre | H.PAF. | B.S. 771. H.R. 

Cellulose | H.COP. | B.S. 1,322. 1946 


Cellulose | H.MOP. | 





Phenol Wood flour 

















Melamine | 





All test pieces “were positioned in. such a way that 


| the largest¥surface?showed a 45 deg. inclination towards 
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Fig. 1, Apparatus -for setting up in tne open tests pieces 
subjected to bending. 
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(From Schweizer Archiv, Vol. 12, No. 10, October, 1946, pp. 311-322, 14 illustrations.) 
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Fig. 2. Mouldings during exposure. 


south. 45 test bars were loaded as shown in Fig. l, 
allowing the stress to be varied, in order to stress the 
bars up to 50 and 25 per cent of the nominal maximum 
flexural stress. 

The appearance of all test pieces changed after the 
test period. The polish and gloss were gone from the 
weather side of the surfaces. In standard H.PAF. the 
asbestos fibres could easily be recognized ; the red colour 
of the urea pieces changed and became pale ; the white 
melamine mouldings changed into yellowish-grey. In 
some cases cracks could be observed. 

From the 24 mouldings (shown in Fig. 2) 21 remained 
in good condition and the functional use was not 
affected. Three pieces failed. With two of them the 
corrosion of the ferrous insert was responsible for the 
failure. Fig. 3 shows a cylindrically shaped moulding, 
52 mm. dia 18 mm. wall thickness. The third test 
piece to fail was a handle with uneven wall thickness. 
The crack occurred on the thickest section. 

Table I shows the test results obtained with 24 
mouldings taken from bulk production. 

The test bars which were subjected to the free 
atmosphere for 26 months were placed in a chamber 
and kept four weeks at 20 deg. C. and 65 per cent 
relative humidity in order to exclude any accidental 
influences. For the purpose of comparison, further test 
bars were prepared which were kept in the chamber 
under the same conditions for the same period. 

The modulus of elasticity was measured and it was 
found that there is very little difference between the bars 
subjected ta free atmosphere and those kept in the 
chamber. It can therefore be assumed that the influence 
of the atmosphere does not result in brittleness in 
depth, the changes being restricted to the surface only 
(except for the urea pieces, which showed hair-cracks). 
Numerical values of the modulus of elasticity are given 
in Table III 

The comparative bending tests on the bars have 
shown that the loss in strength depends on the type of 
material. 


Phenol-asbestos wg 1-5 per cent 
Phenol-wood flour or me oo 29 - 
Phenol-fabric ae? a és o« BED a 
Urea-Cellulose .. a + 212 a 


The Vickers neeteneee was snails With phenolic 
materials no change in hardness was recorded, only 
when asbestos fibre was the filler, the hardness de- 
teriorated. 
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WALL 
THICKNESS 


mm. 
Max. Min. 


APPEARANCE 
AFTER TEST 





Switch cover plate, | 
white | 


| 


Urea 


3-9 


3-2 


| Gloss gone but good 





Handle, white 


Urea 


14 


4:2 


| Gloss gone but good 





Switch knob, white 


Urea 


6 


35 


| Gloss gone but good 





Switch cover, white 


Urea 


9 


1-0 


| Rather grey but good 





| 
| 
Bell switch, white | 


Urea 


| Yellowish grey but 
25 | good 





Switch cover, brown 


Phenol- 
wood fl. 





| apd 


ht polish 


dull, on the sides 





Water plug with metal 
insert, black 


Phenol- 
wood fi. 


| Top ey, bottom 
polish remained 





Switch cover, black 


Phenol- 
wood fi. 





otherwise good 


| Grey, surface rough, 
| 





Phenol- 
wood fi. 


Dull, surface rough, 


| otherwise good 





Insulation plate, 
brown 


| 
| 
| 
Plug cover, black | 
| 
| 


Phenol- 
wood fi. 


65 


| Dull, surface rough, 


| otherwise good 





Cylindrical rol! with 
ferrous insert, black 


Phenol- 
wood fi. 


18 


| Cracked in winter 


| 1944/45 (Fig. 3.) 





Furniture foot with 
insert, black 


Phenol- 
wood fi. 


16:5 


| cracked 


Cylindrical portion 





Furniture foot with! 
insert (small), black) 


Phenol- 
wood fi. 


145 


| Dull but good 





Ball handle 45 mm. 
dia., black 


Phenol- 
wood fi. 


21:55 


Top Dull, bottom 
polish remained 





Handle with alumi- 
nium insert, brown 


Phenol- 
wood fl. 


i2-S 


| Dull but good 





Handle, brown 


Phenol- 
wood fi. 


22:3 


| Longitudinal crack at 


| largest section 





Handle with nickel- 
plated insert, black 


Phenol- 
wood fi. 


13-0 


Dull, some corrosion 
on insert but good 





Handle with brass 
insert, black 


Phenol- 
asbestos 


17 


visible 


| Grey, asbestos filler 





Holder, brown 


Phenol- 
fabric 


23°5 





Cover, brown 


Phenol- 
fabric 





25 


Darkened, filler 





Part of rifle butt 


Phenol- 
fabric 


15 





Part of rifle butt 


Phenol- 
fabric 


22 


bleached surface 
rough but good 





Plate section, brown | 


Phenol- 
fabric 





27 27 


| 
| 
| 


Little change 





Gear wheel, small 


Phenol- 
fabric 


TaBie IV, 


| 
| 


‘i 


25 


| Darkened, filler visible 


on toothed rim 


Fig. 3. Cylindrical roll with steel insert. 


The surface of the urea mouldings wa; 
affected so much that the hardness could 
not be measured at all, whilst the melamine 
pieces improved slightly. 

The impact test results (measured on 
the so called Dyn-stat machine) indicated 
that the shock resistance of the test pieces 
deteriorated under free atmospheric con- 
ditions. The electrical properties were also 
measured and whilst no final figures, com- 
plying with standard specifications are 
obtainable, the tests indicate that with 
phenolic powders there is a loss in dielec- 
tric properties of up to 1/2 — 2/3. An 
improvement due to after-curing was 
apparent. The dielectric properties of the 
urea powders improved in spite of the fact 
that the surface was severely attacked. All 
the above tests and figures refer to unloaded 
test bars. 

The test bars subjected to bending give 
widely differing results. Some of the bars 
were loaded with 50 per cent, some with 25 
10 cent, of the assumed ultimate breaking 
oad. 

Up to September, 1945, the loaded bars 
showed the same surface condition as the 
unloaded ones. The deflection in the 
loaded test bars increased in the course 
of the experiment, resulting in increased 
bending stresses. In order to counteract 
this effect the load was moved from time 
to time thereby keeping the stress constant. 
The records taken show a greatly differing 
time of life of the various test bars ; some 
of them failed after only four days. The 
maximum is over 800 days. Generally 
the bigger load (50 per cent of the nom. ult. 





uae | 
ype | 
| Degree 


1 Cf 
| loading 


Test pieces exposed to weather 





Dyn-stat readings 





| No. 
Time | of 
days | test 
‘pieces 


Bending moment 
Min. | Max. | Av. 


Impact energy 
Min. Max. | Av. 








18 23-2 | 20:8 85 











1-65 | 1:27 
1:25 | 10 


70 | 10 
6 | 


Phenol wood flour| } 


Phenol wood flour | 749 | 
Phenol fabric | | | 
fibre 





IMPACT FIGURES OF TEST BARS LOADED UP 
TO FAILURE UNDER FREE ATMOSPHFRE AND 
CONDITIONED (AFTER FAILURE) AT 20 DEG. 
C. AND 25 PER CENT RELATIVE HUMIDITY. 
MEASURED ON THE DYN-STAT MACHINE 
(IMPACT-TEST). 


“7 





60 | 10 | 


| 








| 13°5 | 31:8 | 25-4 | 3-1 71 | 458 





| 
| 
| 17 “8 19-2 


Phenol asbestos 





| | 
438 8 18-3 | 22 | 20-3 | 1:0 | 1-65 | 1-29 





95 | 1-25 | 
‘8 | 23 
11 | 25 


Phenol asbestos | | 
fibre 216 


| 16-5 | 
| 30-2 | 
32: 


2 165 | 


26°8 





20: 
| 23-1 


Urea cellulose 





Urea cellulose 
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Taste III. 





Type of 
material 


(test bars) 


Modulus of elasticity in kg./mm?. 





Kept at 20 deg. C. and 
65 per cent rel. humidity 


Exposed to weather 





| 
! 


Min. | Max. | Av. 


Min. Max. Av. 





Phenol wood flour 


910 820 | 1,010 920 





Phenol wood flour 
conditioned after 
moulding 


870 | 980 | 


| | ! 
850 | 1,040 930 


| 





Phenol fibre 


980 | 1,160 1,090 





Phenol fabric fibre 


1,030 1,230 1,130 





Phenol asbestos fibre 


1,400 | 1,910 | 1,600 





Phenol asbestos fibre, 


| 


broke under vibrations in stormy weather. 
Moulding conditions, small variations in time 
and temperature may also have an influence. 

The deflection shows different results as a 
function of time, material and load. Related 
to time the deflection is smaller in winter and 
larger in summer. 

Considering the results on these bars it can 
be stated that their behaviour under weather 
conditions is improving, as the deformation 
due to climatic changes is decreasing. 

Regarding the modulus of elasticity, the 
loaded test bars show more scatter than those 
unloaded. Variations up to 11 per cent were 
measured according to whether the affected 
surface was under tension or compression 
during the test. An increased hardness on the 
weather faced surfaces was also observed on 


conditioned after 
moulding 


1,630 


1,780 


1,690 
the loaded test bars. 





Urea-cellulose, white | 1,210 


1,610 


Whilst the flexural strength was very little 


1,430 affected, the impact strength decreased with 





Urea-cellulose, white, | 
conditioned after 
moulding 


1,460 


1,740 


the time especially with wood filled powder. 
New test bars show an impact strength of 
1-42 cm. kg., after 70 days load 1-27, 749 days 


1,550 





Urea cellulose, red 1,480 | 1,540 | 1,510 | 1,400 


1,470 


1,440 1:0 cm. kg. The average value of unloaded 





Melamine cellulose 1,470 | 1,570 | 1,520 1,350 


' 1,570 


bars after 800 days is ‘87 cm. kg. Table IV 


1,440 shows comparative figures of loaded bars 





breaking strength) in addition to the stresses caused by 
climatic changes is nearly sucffiient to break the test 
pieces. Under the smaller load (25 per cent of the nom. 
ult. breaking strength) the life of the bar is considerably 
increased eight times with phenolic and 17 times with 
urea materials. 

This scatter of the results may be due to different 
reasons. The deflashing of the mouldings may cause 
surface scratches which are detrimental in connection 
with any strain. Some bars failed under snow, which 
could not immediately be removed. Possibly some bars 


DEFINITION 


measured on the Dyn-stat machine. 

It has been proved that loaded test pieces, subjected 
to the free atmosphere for two years, have a certain 
flexural strength which is above that of the test load. 
It appears that there is a periodical losss in strength 
depending on swelling and change of temperature. 

Additional experiments carried out with new moulded 
test bars proved that large differences of temperature, 
especially when accompanied by accelerated humidity 
dissipation on the top surfaces, are detrimental to the 
mechanical strength of mouldings under load and subject 


to the free atmosphere. 
FRANCE 


OF THE COLOUR TEMPERATURE OF FLUORESCENT 


LIGHT SOURCES 


By F. TARNAY. 


(From Bulletin de la Société Frangaise des Electriciens, Vol. 6, No. 61, August-September, 


1946, pp. 168-175, 7 illustrations.) 


THE colour temperature of a light source is classically 
defined as the black-body temperature which has the 
same relative energy distribution in the visible spectrum 
as the source under consideration. The similarity of 
the distribution curves signifies that the two sources will 
be more or less identical in colour and also as regards 
their altering effect on other colours of the environment. 

A less rigorous definition does not take account of the 
spectral distribution curve of the light source but only 
of its colour, the colour temperature of the source being 
defined by comparing its colour to that of a black body 
radiating light at a certain temperature. In this case 

G 











there is no indication regarding the effect of the source 
on the environment. 

The point representing the colour of the source in a 
trilinear system of co-ordinates will be situated accord- 
ing to the first definition on the curve of black-body 
radiation at various temperatures. With the second 
definition, the point will not be located on this curve 
but very close to it, and according to Waguet this can 
be designated as the ‘‘ pseudo colour temperature ” of the 
source. 

The pseudo colour temperature, therefore, refers to a 
certain type of white light. All — radiations 
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LC.I. coloor triangle (1931). 


Fig. 1. Maxwell’s triangle. Fig. 2. 
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20 
a a A triangle (1931). 
Differences in colour sensitivity are 
proportional to position. 





between 2,000 and 10,000 deg. K. appear white to the 
eye, and differences between sources of white light 
cannot be distinguished in time, as visual impressions 
vanish very rapidly, but only in space, i.e. simulta- 
neously, when differences can easily be observed. 

When a spectral curve is nearly, but not quite, 
identical with a black-body curve at a certain tempera- 
ture, its light may still be regarded as white light. 
Even daylight is not identical with a black body radiation, 
as a result of the selective absorption of the atmosphere, 
but its colorimetric point is generally situated on the 
black-body curve in a tri-chromatic diagram or in its 
immediate vicinity. 


COLOUR SPECIFICATION IN A TRICHRO- 
MATIC SYSTEM. 


The first system used was Maxwell’s triangle (1860), 
based on the three primary wave-lengths : red = 7,000 
Angstrém, green = 5,461 Ang., blue = 4,358 Ang. of 
the visual spectrum (see Fig. 1). This sytem is also 
known as the R.G.B. system. 

In 1931 the International Commission on Illumina- 
tion (I.C.I. or C.I.E.) adopted a new tri-linear system 
with different primary excitations X, Y and Z based on 
a standard observer. In this system the y-line corres- 
ponds to the sensitivity curve of the eye, and all 
co-ordinates have positive values (see Fig. 2). 

The I.C.I. system does not, however, take account 
of the chromatic sensitivity of the eye, that is, equal 
distances in the diagram do not correspond to equal 
variations in hue or saturation. To overcome this 
difficulty, the I.C.I. system was modified by Fudd (1935) 
in such a way that this defect is attenuated in a certain 
number of cases. The equal-energy point is no longer 
situated at the centre of the triangle. This system is 
not yet officially recognized, but it does make it easier 
to estimate the colour corresponding to any given point 
in the triangle (Fig. 3). Interconversion between these 
three systems is achieved by means of transformation 
equations (see Appendix). 


| 6O Watt lamp 
2 Fluoresc. blue 
“green 
yellow 
° pink 
® white 
* daylight 
* bright white 


° 
oO GO O2 O38 xO4 O8 OC6 O7 


Fig. 4. LC.I. system in Cartesian co-ordinates (1931). 


The triangular representation has been discarded 
lately in America, and Cartesian co-ordinates, obviously 
easier to work with, are now being used instead. In the 
Cartesian arrangement the curves are no longer the same, 
but straight lines remain straight lines, and only angles 
and areas are affected. The z co-ordinate is simply 
omitted, since in all systems: z= 1—x—y. 

The equal-energy point of the I.C.I. system in 
Cartesian co-ordinates is situated at x = 0-333 (see 
Fig. 4). An enlarged portion of this diagram, given 
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Fig. 5. Englarged portion from Fig. 4, showing positions of 
some points of fluorescent lamps (I.C.I. system, 1931), 


in Fig. 5, shows the uncertainty in the definition 
of the pseudo colour temperatures of various fluorescent 
lamps. 

When the point is sufficiently close to the black-body 
curve there is no difficulty, but for a point further away 
from the curve it is suggested that the pseudo colour 
temperature on the curve should be regarded as being 
determined by the point of contact of the tangent circle 
with its centre at the point corresponding to the colour of 
the light source. 

It is not yet quite certain, however, whether another 
point on the black-body curve might not be more 
suitable. ‘For instance, the point representing the light 
source could be connected with the equal-energy point 
by a straight line which would then be extended until it 


ty 





Blue 


o3 


Yellow orange 


Fig. 6. R.U.C.S. colour diagram (1939). 
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intersects the black-body curve. This would give a 
pseudo colour temperature with the same dominant 
wave-length as the light source to be defined, and colori- 
metric purity only would be different. 

There is considerable difference between these two 
definitions, but the author’s view is that the tangent- 
circle definition should give more satisfactory results in 
practice as regards relative colour alteration. 

Whether triangular or Cartesian co-ordinates are 
used, the main defect, viz., that hue does not vary 
uniformly with distance, is still apparent. Thus Fudd’s 
system, mentioned above, after being worked out in 
Cartesian co-ordinates, was improved by Macadam 
(1937) and further developed by Beckenried and Schaub, 
of the U.S. Bureau of Standards (1939), into what is 
now known as the R.C.U.S. system (see Fig. 6). 

The R.C.U.S. system based on Fudd’s work has its 
equal-energy point denoted by co-ordinates x” and y”, 
and the corresponding x” and y” axes divide the diagram 
into four (positive and negative) quadrants. Colour 
distribution is then as follows : 


Colour 
red, orange, or yellow 
green 
blue or violet 
purple 


The spectral curve up to 5,500 Ang. is a straight 
line parallel to the y” axis, and includes all colours up to 
the wave-length x” = 0-0750. The red, orange, and 
yellow colours are readily determined as they only depend 
on the values of y”. Thus the limits on the pure-colour 
curve are : 


” ” 


¥ x 
ted orange 6,120 —0°333 +0-0750 
orange yellow 5,910 —0:167 +0:0750 
yellow green 5,700 00 +0-0750 
green blue 4,990 +0°249 0-0 
The general boundary line is obtained by connecting 
these points to the origin by means of straight lines. 


Ang. 
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Fluorese. White] B 3800" 


Fluoresc|white C.\ 


Fluorege. white A’ 
' , 
Fluoresc. bright white B a 





Fluoresc. bright white’ C 




















ro} 
o2— 
Fig. 7. Enlarged portion of R.U.C.S. colour diagram. 
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The system has therefore the advantage that it gives the 
approximate colour of a source in relation to the co- 
ordinates x” and y”. 

The x” and y” co-ordinates of various types of light 
sources are given in Table I, and have also been plotted 
in Fig. 7. 





Rectangular co-ordinates 
R.U.C.S 
& ! 
+0048 | 
+0-047 
+0044 
+0-013 





Type of source 


60 watts, gas filled 
100 


fluorescent, blue 
* green 
pink 
yellow 
without coating 
daylight A 
” B 
” Cc 
white A 
» 
» »” Cc 
> bright red B 


” 2 2 














It will be seen in Fig. 7 that if the point of the source 
is situated in the red-yellow square and to the left of the 
black-body curve, it will be purplish in colour. The 
effect of this colour on hues is well known, and it is thus 
possible that the previous suggestions may not be 
appropriate, so that it may be better to take the point of 
the black body which has the same y” as the source, the 
pseudo colour temperature then being given by the inter- 
section of the y” ordinate with the black-body curve. 
There are thus three variants for this definition. 


THE COLOUR TEMPERATURE OF WHITE 
FLUORESCENT LAMPS. 


luorescent powders permit colour combinations 
previously unknown, and eliminate the necessity of 
using filters or of varying the temperature of the source 
to obtain various shades of white which was the usual 
method with incandescent sources. 

The following table gives some colour temperatures of 
light sources without filters ; it shows that the maximum 
attained by incandescent bodies does not exceed 3,400 
deg. K., whereas fluorescent lamps have virtually no 
such limit. 


Taste II. 





Type of source | Colour temperature, deg. K. 


stearic candle 

Hefner lamp 

carbon lamp (4 watts) 

acetylene 

tungsten lamp, evacuated 

gas-filled lamp 

photoflood lamp y 

fluorescent lamp, bright white 2,700 
$e » white 4,000 

daylight | 6,700 


2,750-3,100 


” ” 





A wide range of colour temperatures is obtainable by 
combining the lights of various fluorescent lamps ; very 
high colour temperatures can be reached in this way. 


TABLE III. 





Combination | Colour temperature, deg. K. 


| 4,550 
5,050 
5,300 


daylight + 1 white lamp 
” Li ” 
” a ” 


re | 5,550 


Ms blue 7,500 
| 8,500 
12;500 


” % 2” ? 


»” »” 
” T ” 


1 
2 
3 
4 > 
8 
4 
2 
1 











TABLE VI. 


ASPECT OF 


COLOURED SURFACES ILLUMINATED BY INCANDESCENT AND FLUORESCENT LAMPS. 





60-watt incan- 
descent lamps 





Pale purple yellow 
Blue medium green 


White 
Yellow green grey 


Medium ivory 
Medium red 

Very pale yellow red 
Golden yellow 


Dark ivory 
was purple deep grey 
ite 


i 

Medium brown slightly 
orange 

Fawn pale red 

Deep purple red 


Daylight 
Pale purple blue 
Green medium blue 


Very pale blue 
Green dark grey 


Very pale green blue 
Strong pink 

Light pink slightly blue 
Yellow medium blue 


grey 
Ivory blue 
Medium blue 
Pale blue 
Medium brown 


Very light pink 
Purple dark blue 


Fluorescent lamps 





White 


Purple reddish grey 
Blue medium grey 


Grey pale blue 
Green grey slightly 
ellow 

Pale fawn 

Medium red grey 

oo pink slightly red 

Yellow grey slightly 
green 

Ivory yellow 

Blue slightly purple 

Grey pale blue 

Deep medium brown 


Fawn light pink 
Dark purple less blue 


Bright white 


Purple medium red 

Blue medium grey 
(slightly purple) 

White very pale purple 

Green grey slightly 
brown 

Very pale grey purple 

Medium pi 

Light pink fairly red 

Maroon yellow 


Ivory rose 

Light blue purple 

Purple pale blue 

Medium brown slightly 
pinkish 

Pink purplish grey 

Dark purple red 








Colour temperature can also be altered by varying the 
proportion of flux from two different fluorescent lamps 
(one daylight and one blue). 

TABLE IV. 





Percentage of flux 
100 90 | 80 | 70 | 60 


0 10 20 30 40 
6,500 8,000 10,000 | 16,000 | 20,000 


Type of lamps 


daylight | 
blue 


col. temp., deg. K.| 





The same result can be obtained by using a single 
lamp and varying the proportion of basic powders. 


TABLE V,. 





Basic colours | Percentage of flux required 


blue toy aor “ae 128 28; 40 


green | °39), 39 a 36 | 29 
pink | 59) 54 43 38 36 | 31 


col. temp., 
5,000 6,000 10,000 


| 
deg. K! 3,000 | 3,500 
EFFECT OF ENVIRONMENT. 


The differences in colours observed with three 
different types of fluorescent lamps and one 60-watt 
incandescent lamp were in some cases considerable. 
The daylight lamp brings out all colours, except red, 
extremely well, and this small defect will probably also 
be overcome by further research work. 

Improved methods will also be required to predict the 
effect of a light source on external colours, and definite 
tolerances could be established for the light source in 
order to get a determined chromatic effect, preferably 
according to Bouma’s methods which involve a detailed 
investigation of every portion of the spectrum and the 
examination of a standard colour chart illuminated by 
the source of which the effects are to be determined. 


APPENDIX I. 
TRANSFORMATION OF CO-ORDINATES. 


If x, y, 2 are co-ordinates in the original system, and 
x’, y’, 2’ are the new ones, the transformation from one 
system of co-ordinates to another will be given by the 
following equations : 


Kuz X “1 Kuyy T Kz, 
K,x+K,y+K, 


6,500 








Kye% + Kyyy + Keys 


y — 
K,x+K,y + K, 
x+y’ +2/= 1. 

The K’s are constants, nine in all, but only eight of 
these are independent. Four constants are needed to 
determine two points in a new system, and the other four 
can be used to distort or to reduce the new diagram so as 
to obtain a chromatic scale with given characteristics. 
The fixed points of the I.C.I. and R.U.C.S. systems are 
given in Table VII. 


APPENDIX II. 
TRANSFORMATION EQUATIONS. 
From R.G.B. to I.C.S. system 
x = 0:06487 r +- 0:04107 g + 0-02195 b 
y = 0:02473 r + 0:10762 g + 0:00117 
z= 0:00000 r + 0:00133 g + 0-10867 b 
where r = 7,000 Ang., g = 5,461 Ang., b = 4,358 Ang. 
A/2. From I:C.S. to R.G.B. system 
r = 63467 x — 24064 y — 1:2563 z 
g = 1-4584x + 40383 y + 02512 2 
b = 0:0178 x — 0:0492 y + 34481 z 
From I.C.S. to R.U.C.S. system 
0°82303 x + 0:82303 y — 0:82303 


x= 





A/1. 


B/1. 





1:00000 x — 7:05336 y — 1:64023 
369700 x — 5:07713 y — 1:36896 


, 


y 





100000 x — 7:05336 y — 1-64023 
From R.U.C.S. to modified R.U.C.S. system 
x” = 0:0750 — x’ 
y” = y’ — 0°5000 
B/2. From R.U.CS. to I.C.I. system 
0:06325 x’ — 0:34073 y’ + 0-25264 





c= 
1-00000 x’ — 0:31564 y’ + 0:34389 
-—-0:22358 x’ + 0:02509 y’ + 0:09124 





100000 x’ — 0:31564 y’ + 0:-34389 
From modified R.U.C.S. system to R.U.C.S. 

x’ = x” — 0:0750 

y’ = y” — 05000 





ti. 

x y 
0°73467 0:26533 
0:23333 8 0-33333 
0:00820 0-53840 
0-17410 0-00500 


Fixed points 


7,800 Ang. 
equal energy 
5,000 Ang. 
3,800 Ang. 


R.U.C.S. modified 


- y” 
0:0750 —0:5000 
0-:0000 0:0000 
0:0063 0-2500 
0:3750 0-0000 


TABLE VII 
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